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PREPACE
PURPOSE AMD SCOPE OE THIS STUDY
T his s tu d y  o f  th e  l a t e  g l a c i a l  i c e  and la c u s tr in e  d e p o s it s  o f  
E rie  and Huron c o u n t ie s ,  Ohio, was un d ertak en  fo r  th e  purpose o f  
g e t t in g  more in fo rm a tio n  r e la t iv e  to  th e r e tr e a t  o f  th e  l a s t  ic e  
sh e e t  from t h i s  a rea .
In  th e  p a s t  th ere  has been  some q u e s t io n  as to  th e  c o n t in u ity  
o f  th e  D efia n ce  moraine a c ro ss  Huron County, so th a t i t  was p a r t ­
i c u la r ly  d e s ir a b le  to  stu d y  t h i s  m oraine and i t s  r e la t io n s h ip s  to  
o th er  m ora.inic b e l t s .  A tte n t io n  was a ls o  g iv e n  to  the chars,cter  
o f  th e  t i l l  d e p o s i t s ,  e s p e c ia l ly  in  regard, to  t e x tu r a l  and w eather­
in g  v a r ia t io n s , in  order to  se e  i f  th e  v a r io u s  t i l l  s h e e t s  r eco g n ized  
by Dr. George White in  n o r th ea s te rn  Ohio co u ld  be d is t in g u is h e d  in  
n o r th  c e n tr a l  Ohio. In  co n n ec tio n  w ith  t h i s  l a s t  named problem , 
m echanical a n a ly se s  o f  t i l l  sam ples were made in  the la b o r a to r y  
in  order to  a r r iv e  a t rou gh ly  q u a n t ita t iv e  d e f in i t io n s  o f  th e  
t e x tu r a l  v a r ia t io n s  observed  in  th e f i e l d .
In th e  la c u s t r in e  p la in  s e c t io n  of th e  r eg io n  s tu d ie d  an 
e f f o r t  was made to  d e l in e a t e  th e a rea s  o f  th e  v a r io u s  la k e  b o t­
tom sed im en ts end to  r e la t e  t h e ir  d e p o s it io n  to th e  e v en ts  which  
occurred  in  the E rie  b a s in  as th e ic e  r e tr e a te d  northward.
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INTRODUCT ION
LOCATION OP AREA OP STUDY
The a rea  s tu d ie d  was E r ie  and Huron c o u n t ie s ,  Ohio. (See P la te  
I I . )  As i s  a lw ays th e  c a s e ,  how ever, g e o lo g ic a l  problem s do n ot  
l im i t  th em se lv es  to  c i v i l  b ou n d aries and, th e r e fo r e ,  a s  much tim e  
as p o s s ib le  was g iv e n  to  a. su rv ey  o f  the s u r f i c i a l  g e o lo g y  o f  a d ja ­
cen t p a r ts  o f  Sandusky, Seneca, R ich la n d , Ashland and L orain  coun­
t i e s  in  e f f o r t  to  c l a r i f y  some o f  th e r e la t io n s h ip s  observed  w ith in  
th e  two c o u n t ie s  o f  th e  s tu d y .
GENERAL GEOLOGIC ill® PHYSIOGRAPHIC RELATIONSHIPS
The a rea  o f  th e  in v e s t ig a t io n  l i e s  on th e  e a s te r n  f la n k  o f  
th e E in d la y  Arch and betw een 35 and 50 m ile s  from i t s  a x i s .  The 
s t r ik e  o f th e  bedrock fo rm a tio n s i s  rou g h ly  n o r th -so u th  in  sou th ern  
Huron County, b u t sw ings to  a more n o r th e a s te r ly  d ir e c t io n  in  th e  
n orth ern  p o r t io n  o f  th e  same co u n ty , and c o n tin u e s  th u s a c ro ss  
E rie  County. The r e g io n a l d ip  to  th e  e a s t  and so u th e a s t  i s  g e n t le .
Both c o u n t ie s  l i e  e n t i r e ly  n orth  o f  the d iv id e  betw een the  
E r ie  and Ohio d ra in age b a s in s  and w ith in  th e C en tra l I n te r io r  Low­
la n d . Two s e c t io n s  o f  t h i s  p h y sio g ra p h ic  p ro v in ce  ha.ve g e n e i-a lly  
been reco g n ized  in  Ohio: th e  T i l l  P la in s  and th e  E a stern  Lakes
s e c t io n .  George W hite, how ever, in  a stu d y  o f  th e  P le is to c e n e  
g e o lo g y  o f  th e  tw o  c o u n t ie s  im m ed iate ly  t o  th e so u th  (W hite, 1933) 
reco g n ized  a th ir d  p h y sio g ra p h ic  u n it  which he c a l l e d  th e  "Low 
P la te a u " . T h is u n it  i s  a ls o  rec o g n iz e d  in  Huron and E r ie  c o u n t ie s .  
(See P la te  IV .)
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L o ca tio n  o f area  o f s tu d y .
PERVIOUS WORK
The f i r s t  sy s te m a tic  in v e s t ig a t io n s  o f th e  g e o lo g y  of E r ie  and 
Huron, c o u n t ie s  were th o se  o f  th e  Second G e o lo g ic a l Survey o f  O hio.
These were hut reco n n a issa n ce  su rveys and th e  r e p o r ts  o f  th e s u r f i c i a l  
a sp e c ts  o f  the g e o lo g y  are very  b r i e f .  (Newberry, 187^-, and Read, 1Q78)
P r io r  t o  t h i s ,  C harles W h it t le s e y , a member o f  th e  F ir s t  Ohio 
Survey, had c a l le d  a t t e n t io n  to  th e  lo n g  sandy r id g e s  w hich fe s to o n  
th e  la k e  p la in  and had advanced th e  h y p o th e s is  th a t th ey  r ep re sen ted  
subaqueous b a r s , d eve lop ed  when th e  la k e  w a ters  w ith in  th e  E r ie  b a s in  
s to o d  a t  h ig h er  l e v e l s  (M ather, I 8 3 8 , p .  55 aad W h it t le se y , I 8 5 0 ,
P . 3 2 ).
A major c o n tr ib u t io n  to  th e  knowledge o f  t h i s  p o r t io n  o f  th e  s t a t e  
was made by Frank L ev e r e tt  in  h is  stu d y  o f  the g l a c i a l  form ation s o f  
Ohio (L e v e r e t t ,  1 9 0 2 ) . A lthough t h i s  r ep o r t i s  w r it te n  from a  broader  
r e g io n a l sta n d p o in t i t  c o n ta in s  th e  f i r s t  d e l in e a t io n  o f  the D e fia n ce  
moraine in  Huron County as w e l l  as d e s c r ip t io n s  o f  two e sk er s  and th e  
th ree  m ajor b each es as th ey  occur in  E r ie  and Huron c o u n t ie s .  Some 
fu r th e r  s tu d ie s  o f  th e la k e  p la in  were made by L e v e r e tt  and Frank 33. 
T aylor a f t e r  th e  to p ograp h ic  mapping o f  O hio. These were in c lu d ed  
w ith  th e  p u b lic a t io n  o f  th e  summary o f  g l a c i a l  and p o s t - g l a c i a l  e v e n ts  
in  a l l  o f  th e  Great Lake b a s in s  (L e v e r e tt  and T a y lo r , 1915)* T his  
l a t t e r  work i s  a  s y n th e s is  o f  a l l  in fo rm a tio n  known a t th e  tim e con­
cern in g  th e  p o s t - g l a c i a l  la k e s  and i s  s t i l l  ex trem e ly  v a lu a b le , a l ­
though subsequent in v e s t ig a t io n s  by such workers as S ta n le y  ( 1 9 3 8 ) .
B retz (1951 anH 1951a) , Chapman and Putnam (1951) aad Hough (1 9 5 2 ,
1952a and 1 9 5 3 ) Have a lt e r e d  and added to  th e  d e t a i l s  o f th e  ch ro n o lo g y . 
None o f  th e s e  l a s t  named in v e s t ig a t o r s  has been d i r e c t l y  concerned
4w ith  th e  sou th ern  shore o f  th e E r ie  b asin ., out t h e ir  work throws 
l i g h t  upon e v en ts  h e r e .
S ev ere ! d e t a i le d  s tu d ie s  o f th e  p h y s ic a l  a s p e c ts  o f  the sb en -  
doned s h o r e l in e s  o f  northern Ohio were made by Prank Carney in c lu d in g  
th o se  p o r t io n s  on th e V erm ilion  (1 9 1 1 ) , B e lle v u e  ( I 9I 3 ) and. Sandusky 
(unpuhli she d ) cj.iadre.ngle s .
George W. White has mapped the m oraines o f  n orth  c e n tr a l Ohio, by  
c o n s tr u c t in g  p r o je c te d  p r o f i l e s  from top ograp h ic  maps (W hite, 1 9 3 9 ).
George D. Hubbard, in  c o lla b o r a t io n  w ith  some o f  h is  s tu d e n ts , has 
conducted severa l, in v e s t ig a t io n s  o f  p h y sio g ra p h ic  fe a tu r e s  in  t h i s  p a r t  
o f  Ohio (Hubbard and Champion, 1915 an<l  Hubbard and Rockwood, 1 9 ^ 0 ) ,
In 1905 E. L. Moseley p u b lish ed  the results of his investigations 
of the Sandusky Bay—Cedar Point area and advanced several h y p o th eses  
reg a rd in g  the g l a c i a l  .and p o s t - g l a c i a l  history of th a t area..
The dra inage changes o f n orth  c e n tr a l  Ohio durin g th e  P le is to c e n e  
have r e c e iv e d  some study by Ver S teeg  (193^ and 1 9 3 6 ) and White (193^ )•
In the l a t t e r  in s ta n ce  th e major concern  i s  w ith  the r eg io n  to  the couth  
and e a s t  o f  Huron County, but some in fo rm a tio n  r e la t iv e  to  the Huron 
end V erm ilion  b a s in s  i s  a ls o  included ,.
W ithin the p a s t  s e v e r a l  years th e  Department o f N atu ra l R esources  
o f  the S ta te  o f  Ohio has supported  th e  Lake E r ie  R esearch Program. P au l 
S h a ffe r  (1951) made a stu d y  o f  e r o s io n  p r o c e s s e s  a lon g  th e sh o res  o f  
Sandusky Bay and sorne o f  the r e s u l t s  o f  the in v e s t ig a t io n s  have been  p re ­
sen ted  in  th e s e s  fo r  the M aster o f  S c ien ce  degree in  the Department o f  
G eology o f  The Ohio S ta te  U n iv e r s ity  and th a t by Raymond M etier (1952) 
i s  concerned w ith  Cedar P o in t and th e  shore e a s t  to  Huron in  E r ie  County.
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BEDROCK GEOLOGY
REGIONAL STRUCTURE
As has "been s t a t e d ,  E r ie  and Huron c o u n t ie s  are lo c a te d  on th e  
e a s te r n  lim b o f  th e E in d lay  Arch. The p a t te r n  o f  outcrop i s  a banded 
one w ith  the rocks having a  g e n e r a l n o r th -so u th  s t r ik e  in  south ern  
Huron County which changes to  an e a s t -n o r th e a s t  to  w est-so u th w est  
d ir e c t io n  in  th e  n orth ern  p&rt o f  th e  area  (P I. I I I ) .  The r e g io n a l  
d ip  to  th e  sou th  and so u th ea s t i s  ap p roxim ately  35 f e e t  p er  m ile .
SEQUENCE OE FORMATIONS
The o ld e s t  bedrock exposed  i s  in  th e extrem e n o r th w e s te r n  p a r t  
o f  E rie  County where th e  P u t-in -b a y  d o lo m ite  o f  Late S i lu r ia n  age 
forms C ry sta l Rock H i l l  (Carman, 1927. p .  ^ 91)• '^he P u t- in -b a y  d o lo ­
m ite  i s  u n d e r la in  by th e  Tymochtee sh a ly  do lom ite  which i s  not n a tu r a lly  
exposed in  E r ie  County.
In  g o in g  from t h i s  n orth w est corn er o f  E r ie  County to  the sou th ­
e a s t  corn er o f  Huron County, i . e . ,  downdip, th e  u n d er ly in g  bedrock i s  
s u c c e s s iv e ly  o f  upper S i lu r ia n , m iddle and upper D evonian and M is s is s -  
ip p ia n  age . T a b le ,1 , on th e  fo l lo w in g  p a g e , g iv e s  the com plete s e ­
quence o f  fo rm ation s reco g n ized  in  th e area  o f s tu d y .
I t  should  be s ta te d  in  regard  to  t h i s  ta b le  th a t  th ere  are 
s e v e r a l c o n tr o v e r s ia l  p o in t s :  The D e v o n ia n -M iss iss ip p ia n  boundary i s
v a r io u s ly  p la c e d  betw een th e  B erea and B ed ford , where th ere  i s  a stro n g  
un con form ity; a t  th e  top o f  th e C levelan d  sh a le ;  and as here shown, at 
th e  b ase  o f  th e  C leveland s h a le .  The r e la t io n s h ip  betw een  the Huron 
sh a le  and th e  Chagrin sh a le  i s  not c le a r .  Some s tr a t ig r a p h e r s  
in te r p r e t  them as d i f f e r e n t  f a c i e s ;  o th er s  b e l ie v e  th a t th e  Chagrin 
wedges out betw een th e  Huron and C levelan d  s h a le s .
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FORMATION DESCRIPTION
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g  g
M
IS
SI
SS
IP
PI
A
N
Sh45
i*Ohi
Cuyahoga
O r a n g e v ille  dove c o lo r e d  sh . and th in -b ed d ed , 
sh . f in e  g r a in e d , "blue s s . ,  w ea th er in g  
to  a  r u s ty  brown; " tu rtleb a ck s"  
common. 100«
Sunbury sh . b la c k  f i s s i l e  sh . 8 -1 5  *
B erea s s .  medium to f in e  g r a in e d , g e n e r a lly  
m assive  s s . ;  gray  on'unw eathered  
s u r fa c e , y e llo w  on w eathered
7 0 1 av,j 
0 -2 0 0 '
B edford  sh . 3« s o f t  brown or c h o c o la te  brown 
a r g i l la c e o u s  sh .
2 , s s . ,  s im ila r  to  B erea in  appear­
ance; th ic k n e ss  h ig h ly  v a r ia b le .
1 . s o f t ,  b lu e  g ra y , a r g i l la c e o u s  
s h . w ith  a  few gray I s .  la y e r s
5 0 'avg .
0-75. V ..
C lev e la n d  b la c k  carbonaceous sh..; c o n e - in -  
sh . cone la y e r s  common. 6 0 ' /
%l-lfeo>
f=l
In4>P
*3
^ s6 T ^ n green  and blixe arenaceous sh . 0- 3 2 '
Huron sh . b la ck  carbonaceous s h .;  carbon­
a te  c o n c r e t io n s  common, p a r t ic u ­
l a r l y  near b a se .
oocn
C5rHrcT=f
*r-^
P rcu t I s .  hard s i l i c e o u s  I s . 0-9*
Plum Brook s o f t  gray sh . w ith  th in  la y e r s  
sh . o f  a r g i l la c e o u s  I s . 4 0 -6 0 '
Delaware b lu is h  gra y , f i n e l y  c r y s t a l l i n e  
I s .  I s . ,  becomes a s o o ty  brown when
w eathered; n od ular ch ert fr e q u e n t­
l y  l o c a l i z e d  a lo n g  bedding p la n e s . 7 0 '
Columbus 3* th in  to  medium-bedded b lu e  I s .  
I s .  2 . m a ss iv e ly  bedded b lu e  to  bro:m  
I s .  w ith  some c h e r t .
1 . l i g h t  brown c r y s t a l l i n e  d o lo -  
m it ic  I s . .65*
D e tr o it
R iv er
Lucas d o l .  l i g h t  gray to  brown f in e  t e x -  
tu red  lim y  d o l . ;  w eathers to  a 
b lu is h  gray . 30'
Amiierstburg b lu is h  gray to  brown lim y  d o l .;  
d o l .  f i n e l y  c r y s t a l l i n e ;  m assive 45'
%n
&hinto
4>P
t§
B ass
I s la n d
R a is in  R iv er  b lu is h  gray to  brow nish gray  
d o l . d o l .  in  m assive  beds 55'
P u t- in -b a y  gra y , b r e c c ia te d , co arse  te x tu r e d  
d o l. d o l .  in  m a ssive  b ed s. 3 5 ' . ..
Tymochtee th in  to  m a ssiv e  beds of brovm d o l.  
sh a ly  d o l .  w ith  th in  sh a ly  la y e r s .
ISTMiUBlTCE OF BEDROCK OH (TOPOGRAPHY
The major ty p es  o f  sed im entary  r o ck s: sa n d sto n es , s h a le s  and
carbonate r o ck s, are a l l  r ep resen ted  in, th e  bedrock o f  Huron and E rie  
c o u n t ie s ,  and s in c e  over much o f  th e  a r ea , p a r t ic u la r ly  th e  la c u s tr in e  
p la in ,  th e  co v er in g  o f  t i l l ,  la k e  sed im ents and s o i l  i s  r e l a t i v e l y  th in  
each  typ e has top ograp h ic  e x p r e s s io n . S p e c ia l m ention w i l l  be made of 
th e se  a rea s  in  th e  d is c u s s io n  o f  th e  p h y sio g ra p h ic  u n i t s  (pp. 1 8 -2 0 ) .  
M oreover, a c o n s id e r a t io n  o f  th e  bedrock ty p es  on a broader s c a le  shows 
them to  have been im portant fa c to r s  c o n tr o l l in g  g l a c i a l  and la c u s tr in e  
p r o c e s s e s .
The p re—g l a c i a l  low land o f th e E r ie  b a s in  was th e  r e s u l t  o f  stream  
e r o s io n  a c ro ss  th e b e l t  o f  e a s i l y  eroded Devonian and K is s is s ip p ia n  
sh a d es. As th e ic e  sh e e ts  moved southward t h i s  low land formed the  
n a tu r a l avenue o f t h e ir  advance and the ic e  fro n t d eve lop ed  a lo b a t io n  
b ecau se movement was more rap id  a lon g  th e a x is  o f  the b a s in . When th e  
i c e  attem pted to  spread out southward in  t h i s  r eg io n  o f  E rie  and Huron 
c o u n t ie s ,  i t  encountered  the more r e s i s t a n t  low er M iss is s ip p ia n  sand­
s to n e s ,  and th e b a s in - fa c in g  B erea-E edford  sandston e escarpm ent in  
sou th w estern  E rie  County (P I, 5 . E'ig. 1 ) was enough o f an o b s ta c le ,  
th a t  a lth ou gh  th e W isconsin  ic e  Aid r i s e  above i t  and move on south­
ward, i t  was th in n e r  and l e s s  a c t iv e  than contem poraneous ic e  to  the  
westward. The secondary lo b a t io n  o f th e  E rie  lo b e  in to  a S c io to  and 
K illb u ck  lo b e  a s reco g n ized  sou th  o f  Huron County r e f l e c t s  t h i s  in t e r ­
fe r e n c e .
PHYS1OGRAPHY
PHYSIOGRAPHIC UNITS
The a ccep ted  p h y sio g ra p h ic  c l a s s i f i c a t i o n  of th e  U n ited  S t a te s  
r e c o g n iz e s  th r e e  p r o v in c e s  as b e in g  r e p r e se n te d  w it h in .t h e  b ord ers  
o f  Ohio: th e  A ppalach ian  P la te a u s , th e  C en tra l Lowlands and th e
I n te r io r  Low P la te a u s , th e  l a t t e r  co v er in g  o n ly  a  sm a ll a rea  in  th e  
so u th  c e n tr a l  p o r t io n  o f  th e  sta .te  (Fenneman, 1916, p p . 30 -33  an(  ^ map)«
The p r o v in c e s  are su b d iv id ed  in to  s e c t io n s ,  so th a t  accord in g  to  th e  
c l a s s i f i c a t i o n  a  T i l l  P la in s  s e c t io n  and an E a stern  Lake s e c t io n  o f  th e  
C en tra l Lowlands are d is t in g u is h e d  in  n orth ern  O hio, and th e  s e c t io n  o f  
th e  A ppalach ian P la te a u s  p ro v in ce  w hich i s  r ep resen ted  i s  th e  G la c ia te d  
A lleg h en y  P la te a u . The l i n e  s e p a r a t in g  t h i s  p o r t io n  o f  th e  A ppalach ian  
P la te a u s  p ro v in ce  from th e s e c t io n s  o f th e C en tra l Lowlands was o r i g i n a l l y  
d e lin e a t e d  by L e v e r e tt  (1902 , p . 6 7 ) and l i e s  e a s t  and so u th e a s t  o f  th e  
a rea  o f  t h i s  in v e s t ig a t io n ,  so  th a t  E r ie  and Huron c o u n t ie s  are en­
t i r e l y  w ith in  th e  C en tra l Lowlands.
R e co g n itio n  o f  th e  Low P la te a u  S e c t io n  
George W hite, working in  an a rea  j u s t  so u th  o f  Huron County, found  
i t  o f  v a lu e  to  r ec o g n iz e  a  Low P la tea u  s e c t io n ,  t r a n s i t i o n a l  betw een  
th e  T i l l  P la in s  and th e  G lacie .ted  A lleg h en y  P la te a u  (W hite, 193^» P* 
367- 3 6 8 ) .  W h ite 's  d e s c r ip t io n  o f  t h i s  p h y sio g ra p h ic  u n it  i s  a s  f o l lo w s :
" . . .  an a rea  ( in  R ich la n d , Crawford, Morrow, Knox and Delaware 
c o u n t ie s )  having an e le v a t io n  o f 1100-1200 f e e t  and ly in g  betw een  
th e  A lleg h en y  P la te a u  on th e  e a s t  and th e  T i l l  P la in  on th e  w e s t .
I t  i s  e n t i r e l y  covered  by W iscon sin  d r i f t .  In  e le v a t io n ,  in  re ­
l i e f  and in  prom inence o f  g l a c i a l  f e a tu r e s  t h i s  r e g io n  i s  in t e r ­
m ediate  betw een i t s  b o rd er in g  r e g io n s . form s a g e n t ly
cu rv in g  b e l t ,  5 -1 6  m ile s  in  w id t h . . ."
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" I ts  e a s te r n  boundary i s  marked 1)7 th e  g e n e r a l ly  abrupt r i s e  o f  
th e  A lleg h en y  P la te a u . I t s  w estern  boundary i s  a lo n g  a  sca rp  th a t  
fo l lo w s  th e  outcrop o f th e  r e s i s t a n t  B erea  s a n d s t o n e . . . .  I t  appears  
t o  co n tin u e  t o  sou th ern  Ohio where i t  becomes a  p a r t o f  th e  L ex in g to n  
P la in  s e c t io n  o f  th e  I n te r io r  Low P la te a u  p r o v in c e . The Low P la te a u  
i s  p a r t o f  an e r o s io n  su r fa c e  cu t in  l a t e  T e r t ia r y  tim e on th e  weak 
Cuyahoga sh a le  and sh a ly  san dston e o f  M is s is s ip p ia n  age an d  i s  co r­
r e la t e d  w ith  th e  L ex in gton  (W orth ington) p e n e p la in . The r e l i e f  o f  
th e  Low P la tea u  v a r ie s  from o n ly  a  few  f e e t  t o  a s  much a s  100 f e e t ,  
bu t a v era g es  l e s s  th an  50 f e e t .  I t  i s  covered  by a  t h ic k  b la n k e t  
o f  d r i f t  so  th a t  i t s  topography i s  g l a c i a l l y  c o n tr o l le d ."
On th e  b a s i s  o f  p h y sio g ra p h ic  c h a r a c t e r i s t i c s  i t  i s  d i f f i c u l t  to  
d e c id e  w hether t h i s  Low P la te a u  sh ou ld  be c o n s id e re d  p a r t  o f  th e  Ap­
p a la c h ia n  P la te a u s  or th e  C en tra l L ow lands. F a rth er  so u th , beyond  
th e  g l a c i a l  boundary, th e  A ppalach ian  P la te a u  boundary i s  ex ten d ed  
westward to  in c lu d e  th e  a r ea  o f  B erea  outcrop  (Fenneman, 1916, p .  5 6 ) 
b u t w ith in  t h i s  g la c ia t e d  r e g io n  i t  seem s more p r o p e r ly  t o  b e lo n g  to  th e  
C en tra l I n te r io r  Lowlands p r o v in c e . The c o n tr o l o f  th e  topography r e s t s  
w ith  th e  g l a c i a l  d e p o s it s  to  a  much g r e a te r  e x te n t  th an  w ith in  th e  
g la c ia t e d  A lleg h en y  P la tea u  s e c t io n  o f  th e  A ppalach ian  p r o v in c e .
The Low P la te a u  in  E r ie  and Huron C ou n ties  
The con cep t o f  th e  Low P la te a u  p h y sio g ra p h ic  u n it  i s  e q u a lly  as  
v a l id  in  Huron and E r ie  c o u n t ie s  a s  in  th e  r e g io n  to  th e  so u th  where 
i t  was r ec o g n iz e d  by W hite. I t  has a lr ea d y  b een  p o in te d  out (p . 8 )  
th a t  th e  B erea  escarpm ent i s  a  prom inent fe a tu r e  in  so u th e a s te r n  E r ie  
County ( P i .  V, P ig . 1 ) ,  and i t  w i l l  be shown (p p . 92- 9 3 ) th a t  t h i s  
escarpm ent a f f e c t e d  th e  c h a r a c ter  o f  th e  g l a c i a l  d e p o s it s  a c r o s s  what 
i s  h e r e in  c a l le d  th e  Low P la te a u .
At th e  la t i t u d e  o f  th e  so u th ern  boundary o f  Huron County th e  Low 
P la te a u  i s  about te n  m ile s  w id e . In  n o r th e a s te r n  Huron and so u th e a s te r n
12
P I . V
t
P ig . 1 -  View southward toward B erea escarpment 
e a s t  o f  B e r l in  H e ig h ts .
r •
P ig .  2 -  Bedrock h i l l s  w ith in  area  o f ground m oraine 
in  so u th ea stern  B r ie  County
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E rie  c o u n t ie s  where the s t r ik e  o f  th e  c o n tr o l l in g  bedrock has s h i f t e d  
t o  an e a s t e r ly  d ir e c t io n  th e  w idth  in c r e a s e s  t o  betw een 20 and 25 m ile s .  
The e le v a t io n  in  the n orth ern  p a r t o f  the a rea  i s  somewhat low er than  
th e  1 1 0 0 -to  1 2 0 0 -fo o t  f ig u r e  g iv e n  by W hite, fo r  th e B erea crop s out a t  
e le v a t io n s  o f  750-800  f e e t .  Back o f  the escarpm ent th e topography o f  
th e  Low P la te a u  i s  g l a c i a l l y  c o n tr o lle d  e x c e p t fo r  a  number o f B erea  
h i l l s  capped w ith  on ly  th in  t i l l  in  so u th ea ste rn  E r ie  County (P I . V,
P ig . 2 ) .
T i l l  P la in s  S e c t io n  
The T i l l  P la in s  s e c t io n ,  as th e  name i s  here u sed  (Low P la tea u  ex­
c lu d e d ) , i s  n o t r ep re sen ted  in  E r ie  County. In  Huron County it s  bound­
a r i e s  are the l in e  o f  th e  B erea-B edford  c o n ta c t on the e a s t  and the  
s h o r e lin e  o f Lake Maumee I I I  on th e  n o rth  (P I . IV ). The major e lem en ts  
o f  th e su r fa ce  are ground m oraine and b e l t s  o f end m oraine. The bed­
rock  u n d e r ly in g  the g l a c i a l  d e p o s it s  o f  most o f  t h i s  s e c t io n  in  Huron 
County i s  sh a le  and lim e s to n e . In Lyme Township, where th e d r i f t  i s  
t h in ,  th e  low  r e l i e f  o f the ground moraine r e f l e c t s ,  t o  a  la r g e  e x t e n t ,  
th e  su r fa c e  o f the lim esto n e  b eneath  and s in k  h o le s  are common. The 
topography o f  th e  T i l l  P la in s  i s  g e n e r a lly  th a t o f  a  g la c ia t e d  a rea  in  
an e a r ly  s ta g e  o f  d i s s e c t io n .  There i s ,  how ever, an area  o f  sub-m ature 
d is s e c t io n  in  Peru and n orth ern  G ree n fie ld  tow nsh ips th e  g e n e s is  o f  
which i s  d is c u s se d  below  (p . 115) .
E a stern  Lake S e c tio n  
In n orth  c e n tr a l  Ohio the E a stern  Lake s e c t io n  i s  c o in c id e n t  w ith  
th e  a rea  o f th e la c u s tr in e  p la in  d eve lop ed  by v a r io u s  la k e  l e v e l s  w ith in
th e E r ie  b a s in  (F I . IV ). I t s  sou th ern  boundary i s  th e  sh o r e lin e  o f Lake 
Maumee I I I .  E xcept fo r  e a s te r n  E r ie  County where th e  Maumee sh o r e lin e  
l i e s  on top  o f  th e B erea escarpm ent the bedrock u n d er ly in g  the la k e  p la in  
i s  th e same as th a t  beneath  th e  t i l l  p la in  in  Huron County: sh a le  and
lim e s to n e .
In n orth ern  Ohio in  g e n e r a l, th e  la c u s tr in e  p r o c e s s e s  have operated  
t o  smooth out i r r e g u l a r i t i e s  o f  an a lrea d y  g la c ia t e d  su r fa ce  so th a t  th e  
a sp ec t o f  th e  la k e  p la in  i s  t y p i c a l l y  th a t o f  an alm ost l e v e l  p la in  s lo p ­
in g  im p er c ep tib ly  to  th e n o r th . The monotony o f  i t s  a sp e c t  i s  broken  
o n ly  by lo n g  low  r id g e s  o f  sand and g r a v e l .  These r id g e s  rep resen t th e  
b eaches o f  form er la k e  l e v e l s  and are fr e q u e n t ly  augmented by dune 
accu m u lation s on to p . E xcept on th e se  ridgeB  both  th e n a tu r a l su r fa ce  
and in t e r io r  drainage o f th e la c u s tr in e  p la in  are p oor; th e form er be­
cause the dra inage system s have not y e t  d evelop ed  and th e l a t t e r  be­
cau se  th e  la c u s tr in e  sed im en ts, c la y  and s i l t y  c la y ,  are fo r  th e  most 
p a r t impe rme a b le .
The L a cu str in e  P la in  o f  E r ie  County
Much o f  th e  la k e  p la in  o f  E r ie  County i s  a ty p ic a l  in  r e s p e c t  to  the  
c h a r a c t e r i s t ic s  m entioned ab ove. Bedrock l i e s  w ith in  30 f e e t  o f  the sur­
fa c e  ex cep t in  th e  v i c i n i t y  o f  th e Huron R iver  v a l l e y ,  n orth  o f  M ila n , 
and so  o fte n  makes i t s  in f lu e n c e  f e l t  in  th e  su r fa c e  form s.
In  th e  v i c i n i t y  o f  B e llev u e  th ere  i s  o n ly  a th in  co v er in g  o f  t i l l  
and la k e  sed im ents over th e  S i lu r ia n  and Devonian carbonate rocks and a 
su r fa ce  p i t t e d  w ith  s in k  h o le s  has d ev e lo p ed . L in es  o f  su r fa ce  drainage  
are short and d isc o n tin u o u s , but th e underground dra inage i s  good. The
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downward, movement o f tlie  w aters co n tin u es through, the Columbus lim e­
sto n e  and th e  Lucas d olom ite  in to  th e  Amherstburg d o lo m ite . The ex­
trem ely  porous n atu re  o f  th e A nherstburg len d s  i t s e l f  to  contin uous  
l a t e r a l  movement, so the w aters are chann eled  a lon g  i t  to  come to  th e  
su r fa ce  in  lo v e ly  sp r in g s a t i t s  up dip ex trem ity  in  and around Cas- 
t a l i a ,  E r ie  County.
A lso  near C sn ta lia  th er e  are a  number of bedrock h i l l s  which g iv e  
th e area  a  r e l i e f  in  ex ce ss  o f  $0 f e e t .  These h i l l s ,  capped by the  
more r e s i s t a n t  Columbus lim e s to n e , e x is t e d  as s h o a ls , is la n d s  and pen­
in s u la s  during th e  v a r io u s  la k e  s ta g e s  and th e  h i l l  s lo p e s  have been  
m o d ified  by wave a c t io n . W ave-cut c l i f f s  on th e  h i l l  f la n k s  mark la k e  
le v e ls* a n d  b ea ch es, fr e q u e n t ly  o f co a rse  c o b b le , a re  p r e se n t in  th e  
more s h e lte r e d  lo c a t io n s .
C l i f f s  cu t in  th e P rout lim esto n e  form a stro n g  s e c to r  in  the 
Maumee II  s h o r e lin e  a t S tron gs R id ge, e a s t  o f B e llev u e  on S ta te  
Route 113 (Lyme Township, Huron C ou n ty)-. N ortheastw ard from Stron gs Ridge
1 . Huron and E r ie  c o u n tie s  are th e  w esternm ost c o u n tie s  in  the  
o ld  C on n ecticu t W estern R eserve . They were surveyed , sh o r t ly  
a f t e r  t i t l e  was acq u ired  from th e In d ian s in  1805, on th e p lan  
of f i v e  m ile  square tow nships w ith  th e ranges numbered westward  
from the P en n sy lv a n ia  boundary, and tow n sh ip s, northward from th e  
south ern  boundary o f  the R eserve ( in te n d e d  to  be th e  h i s t  p a r a l­
l e l ) .  E r ie  and Huron c o u n tie s  l i e  in  ranges 20 to  2k.
The c i v i l  tow nships c o in c id e  w ith  the o r ig in a l ly  surveyed  
tow nships and r e fe r e n c e  to  tow nships in  th e se  c o u n tie s  i s  made, 
in  th is  p ap er, by c i v i l  township name, e . g . ,  N orwalk,O xford e t c .
D iv is io n  o f  th e tow nships w ith in  E r ie  and Huron c o u n tie s  i s  
on a r eg u la r  rec ta n g u la r  p la n  but th ere are on ly  fo u r  s e c t io n s  to  
a  tow nsh ip . Such la r g e  s e c t io n s  do not o f f e r  a very  con ven ien t  
method o f d e sc r ib in g  lo c a t io n s ,  th e r e fo r e , lo c a t io n s  w ith in  the  
tow nships are g iv en  h ere  w ith  r e fe r e n c e  to  ro a d s. Roads thus men­
t io n e d  in  the t e x t  have been la b e le d  on P la te  I .
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to  i t s  ty p e  l o c a l i t y  near th e  f r e ig h t  s t a t io n  o f  P ro u t, th e  p o s i t i o n  o f  
t h i s  lim e s to n e  i s  d is c e r n ib le  in  a  low  r id g e  on th e  la k e  p la in .
The b e l t  o f  upper D evonian and low er M is s is s ip p ia n  b la c k  s h a le s  
u n d e r l ie s  what may be c o n sid ered  more t y p ic a l  la c u s t r in e  p la in  top og­
raphy. In  s e v e r a l  p la c e s  th e  sh a le  has a v e r y  th in  co v er in g  and a lo n g  
th e  abandoned s h o r e l in e s  th e r e  are rem nants o f  low  c l i f f s  cu t in t o  th e  
s h a le .  Due t o  th e e a se  w ith  w hich th e  s h a le  w ea th ers , how ever, th ey  
are s c a r c e ly  d is t in g u is h a b le  from th e  b e a c h e s .
In  one such a rea  in  th e  v i c i n i t y  o f  N orth M o n ro ev ille  in  Oxford 
Township, E r ie  County and R id g e f ie ld  Township, Huron County, v e r y  
sh a llo w  sh a le  in  fr o n t  o f  th e  W h it t le s e ly  beach  p r e s e n ts  a  problem  in  
th e  a g r ic u lt u r a l  management of th e s o i l .  Abundant p y r i t e  w ith in  th e  
sh a le  o x id iz e s  so  r a p id ly  th a t  su g g e ste d  lim e ton n ages b ased  on pH de­
te r m in a tio n s  f a l l  fa r  sh o r t o f  m eetin g  th e  lim e req u irem en ts .
The B erea-B ed ford  Escarpment
In th e  d is c u s s io n  o f  th e  Low P la te a u  a s  a  p h y sio g ra p h ic  u n it  (p . 11) 
one boundary was d e scr ib e d  as  b e in g  a lo n g  th e  B erea-B ed ford  c o n ta c t .  
R eferen ce  has a l s o  been  made to  th e im portance o f  th e northward fa c in g  
escarpm ent a t t h i s  s t r a t ig r a p h ic  p o s i t io n  in  d eterm in in g  th e c h a r a c te r  
o f  th e  g l a c i a l  d e p o s it s  on the Low P la te a u  (p . 8 ) .  Yet i t  s t i l l  seems 
p r e fe r a b le  to  p la c e  t h i s  escarpm ent a s  i t  occu rs in  so u th e a s te r n  E rie  
County in  th e  E a stern  Lakes s e c t io n  and to  co n tin u e  t o  u se  th e  w e l l -  
d ev e lo p ed  and co n tin u o u s Maumee s h o r e l in e ,  which here l i e s  on top  and 
so u th  o f  th e  escarp m en t, a s  th e  so u th ern  boundary o f  th e  Lake s e c t io n .  
T his a v o id s  th e  embarrassment o f  h av in g  m ajor s h o r e l in e s  o u ts id e  th e
s e c t io n  w ith  which th e y  are g e n e t i c a l l y  a s s o c ia t e d .
Furtherm ore, in  E r ie  C ounty, draw ing th e  s e c t io n  boundary a t  th e  
Berear-Bedford c o n ta c t  would r e s u l t  in  an  u n n a tu ra l d iv i s io n * f o r  the  
h e ig h t  o f  th e escarpm ent a t  B e r l in  H e ig h ts  i s  due in  good p a r t  to  a  
s tro n g  lo c a l  developm ent o f  th e m iddle san d ston e member o f  th e B ed ford .
At B e r l in  H e ig h ts  t h i s  member i s  20 f e e t  t h ic k ,  b u t i t  th in s  r a p id ly  in  
b oth  d ir e c t io n s  (R ead, 18 7 8 , p .  2 8 9 ) .  The th r e e  b e s t  d ev e lo p ed  sh ore­
l i n e s  in  th i6  a r e a , Maumee I I I ,  W h it t le se y  and Warren, are a l l  c l e a r l y  
r e p r e se n te d  w ith in  th e  r i s e  o f  th e escarp m en t.
DRAINAGE
Trunk Streams
Roughly th r e e  q u a rter s  o f  th e t o t a l  a rea  o f  th e s e  c o u n t ie s  i s  d ra in ed  
by two r iv e r  sy ste m s , th e  Huron and V erm ilio n , B oth r iv e r s  have t h e ir  
so u rces  30 t o  35 m ile s  so u th  o f  Lake E r ie  in  th e F o rt Wayne-Wabash m oraine 
com plex. In th e  T i l l  P la in s  and Low P la te a u  th e s e  m ajor stream s w ith  t h e ir  
t r ib u t a r ie s  d is p la y  a w e ll  d ev e lo p ed  d e n d r it ic  d ra in age  p a t t e r n .  As th e  
la k e  w ater  reced ed  from th e h ig h e s t  s h o r e lin e  to  th e  p r e se n t  w ater l e v e l ,  
th e  c o u r se s  o f  th e s e  r iv e r s  were ex ten d ed  a c r o s s  th e la k e  p l a i n ,  and in  
th e s e  low er rea ch es  n e ith e r  i s  J o in ed  by a  s ig n i f i c a n t  t r ib u t a r y ,  fo r  th e  
t y p ic a l  p a t te r n  o f  th e  y o u th fu l la c u s t r in e  p la in  i s  s t i l l  th a t  o f  sm a ll 
p a r a l l e l  stream s w hich f lo w  d i r e c t l y  in t o  th e  la k e .
The t o t a l  a rea  o f  th e  Huron R iver  b a s in  i s  403 square m ile s  and th a t  
o f  th e  V erm ilion  i s  272 square m ile s .  In  b o th  c a s e s  o n ly  a sm a ll p a r t  o f
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th e  b a s in  l i e s  o u ts id e  th e  “borders o f B r ie  and Huron c o u n t ie s ,  Ver 
S te e g  (1936  and 193*0 , by  p l o t t i n g  bedrock  e le v a t io n s ,  has shown th a t  
th e r e  were p r e - g la c ia l  or in t e r g l a c i a l  p r e d e c e s so r s  o f  th e s e  two r iv e r s .  
B oth o f  th e s e  a n c e s t r a l  stream s had t h e ir  so u r ce s  so u th  o f th e p r e se n t  
d iv id e .
V a lie v s  o f  th e  Ma.1 or Stream s
The v a l l e y s  o f  th e s e  two major stream s can be c h a r a c te r iz e d  a s  b e in g  
in  th e  s ta g e s  o f  youth  and e a r ly  m a tu r ity . The e x a c t  s ta g e  o f  d ev e lo p ­
ment a t ta in e d  v a r ie s ,  o f  c o u r se , from one rea ch  to  an oth er  depending upon  
th e  m a te r ia l in  which th e  v a l l e y s  are b e in g  c u t and th e  p o s i t io n  r e la t iv e  
t o  l o c a l  b ase  l e v e l  (Lake B r i e ) .
Mature Lower C o u rses: B oth  r iv e r s  have w e ll  d ev e lop ed  f lo o d  p la in s
i n  t h e i r  low er r e a c h e s , th a t o f  th e  Huron ex ten d in g  a s  f a r  so u th  a s  M ilan , 
or a  s t r a ig h t  l i n e  d is ta n c e  o f  about sev en  m i le s .  The mature p o r t io n  o f  
th e  V erm ilion  H iver  i s  sh o r te r  due to  th e more r e s i s t a n t  M is s is s ip p ia n  
sa n d sto n es  and s h a le s  w hich ex ten d  to  w ith in  th r e e  m ile s  o f  th e  la k e  in  
e a s te r n  B r ie  County, In  common w ith  a l l  stream s e n te r in g  Lake E r ie  from  
th e  so u th  and w e s t , th e  mouths o f  th e  V erm ilion  and Huron r iv e r s  are  
drowned.
G o rg es; Above th e se  mature p o r t io n s  o f  the Huron and V erm ilion  th e  
v a l l e y s  d is p la y  th e gorges and ra p id s  o f  l a t e  y o u th . The gorge o f  th e  
V erm ilio n  R iver  ex ten d s from Rugby so u th  to  Wakeman (about 15 m i le s ) ;  
th a t  o f  th e  Huron R iver  i s  s h o r te r , e x te n d in g  o n ly  from M ilan to  Monroe­
v i l l e  (ab out 10 m i l e s ) .  The Huron R iver  gorge i s  c u t in  th e  C levelan d
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P i .  VI
■j.'ri'bu.tary ox Huron R iver  in tren ch ed  in  c la ck  sh a le  
n o r th  o f M o n r o e v ille .
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and Huron "black s h a le s  (P I . V I) , w h ile  th e  V erm ilion  has exp osed  a  "bed­
rock  s u c c e s s io n  from th e  s h a le s  and sa n d sto n es  o f  th e  Cuyahoga group a t  
Wakeman to  th e  "black s h a le s  a t  i t s  dovmstream end . She u p p er, or red , 
B edford sh a le  which occu rs in  th e  v a l l e y  w a lls  s e v e r a l  m ile s  so u th  o f  
Birmingham, E r ie  County, was th e  in s p ir a t io n  f o r  th e  name “V erm ilio n ”.
V erm ilion  R iver  V a lle y  South o f  Wakeman: South  from th e  fo r k  o f
th e  E ast and West branches o f  th e V erm ilion  to  th e  southward fa c in g  edge  
o f  th e  D efia n ce  moraine th e  V erm ilion  v a l l e y  i s  s l i g h t l y  more advanced in  
developm ent th an  where bedrock c o n tr o ls  i t .
At F i t c h v i l l e  th e  r iv e r  changes i t s  d ir e c t io n  o f  f lo w  to  a lm ost due 
e a s t  a s i t  c r o s s e s  th e  bed o f  a sm a ll p o s t - g l a c i a l  la k e  (s e e  p . 63) ,  The 
v a l l e y  i t s e l f  i s  y o u th fu l and q u ite  sh a llo w . Prom th e  n o rth ern  edge o f  
Ashland County to  th e  r i v e r ' s  sou rce  in  th e  Savannah Lakes th e  y o u th fu l  
ch a r a c ter  o f  th e  V erm ilion  v a l l e y  i s  somewhat obscured by th e  s t i l l  d i s ­
t i n c t  o u t l in e  o f  th e  wide p a r t i a l l y  f i l l e d  in t e r g l a c i a l  v a l l e y  (Ver S te e g ,  
193^» P . 617) in  which the r iv e r  f lo w s .
Huron R iv er  V a lie v  South o f  M o n r o e v il le : South o f  i t s  gorge s e c t io n
th e  West Branch o f  th e  Huron R iv er  fo l lo w s  a  r a th e r  s t r a ig h t  cou rse  in  a  
sh a llo w  V—shaped v a l l e y  a c r o s s  th e  la c u s t r in e  p la in  o f th e Eorwalk em- 
baym ent. Prom th e  v i c i n i t y  o f  P o n tia c  so u th  to  about Steuben th e  v a l l e y  
ta k e s  on more mature o u .t l in e s , m eandering ra th e r  w id e ly  and h av in g  a  w e ll  
d ev e lo p ed  f lo o d  p la in .  Upstream from Steuben i t  a g a in  d is p la y s  th e  
c h a r a c t e r i s t ic s  o f  a y o u th fu l stream .
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Other D rainage System s
Areas o f  p a r a l l e l  d rainage on th e  la k e  p la in  are found betw een th e  
low er  p o r t io n s  o f  th e  Huron and V erm ilion  r iv e r s  and in  w estern  E r ie  
County, ex c lu d in g  th e  r eg io n  o f  underground d rain age from B e llev u e  to  
C a s ta lia . Plum Brook and P ipe Creek are th e la r g e s t  o f th e se  p a r a l le l  
stream s.
In a d d it io n  th ere  i s  a  sm a ll p a r t o f  sou th w estern  Huron County which
i s  d ra ined  by Honey Creek, a  tr ib u ta r y  o f th e  Sandusky E iv e r , and a  narrow
s t r ip  in  th e  so u th e a ste r n  p a r t o f  th e  same county which l i e s  w ith in  th e  
B lack  E iv er  b a s in .
BELIEF OF PEESEHT SUBFACE
The h ig h e s t  e le v a t io n  t o  be found in  th e  two c o u n t ie s  i s  in  th e  ex­
treme so u th ea ste rn  corn er  o f  G-reenwich Township, Huron County, a lon g  th e
B ase L ine Eoad, one ha,If m ile  e a s t  o f  S ta te  ^oube 13« Here th e  e le v a t io n  
a t  th e  edge of th e  A llegh en y  P la tea u  i s  1193 f e e t .  In  E rie  County, w ith in  
th e  Lour P la te a u , a  h igh  e le v a t io n  o f  902 f e e t  i s  reached by a h i l l  j u s t  
sou th w est o f  F lo r e n c e . S in ce the e n t ir e  a rea  o f  the two c o u n t ie s  l i e s  
n o rth  o f  th e O hio-E rie d rainage d i v i d e , Lake E r ie  a t  573 f e e t  i s  th e base  
l e v e l  fo r  the trunk stream s.
The la k e  p la in  i s  c h a r a c t e r i s t i c a l ly  an area  o f  low r e l i e f .  Bedrock  
f e a t u r e s ,  how ever, g iv e  l o c a l l y  a  r e l i e f  much above, th e  a v era g e , a s  fo r  
exam ple, in  th e  v i c i n i t y  o f  C a s ta lia  where i t  i s  s l i g h t l y  in  e x c e s s  o f  
50 f e e t ,  and a lo n g  th e  edge o f th e  escarpm ent in  so u th ea s te rn  E r ie  County. 
At B e r lin  H eigh ts a maximum r e l i e f  o f  180 to  190 f e e t  i s  reached .
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The r e l i e f  o f  th e  ground m oraine su r fa c e  a v era g es  from f i v e  t o  te n  
f e e t ,  th e  o n ly  prom inent e x c e p t io n s  b e in g  a t  th e  n o rth ern  end o f  th e  Low 
P la te a u  s e c t io n  where h i l l s  o f  B erea  sa n d sto n es  r i s e  a s much a s  90 t o  100 
f e e t  above th e  surrounding p la in  (P I. V, P ig . l ) ,  and where i s o la t e d  g l a c i o -  
f l u v i a l  r id g e s  and h i l l s  r i s e  a s  much as 30 f e e t  above th e  ground m oraine.
W ith in  th e  b e l t s  o f  end m oraine, b o th  in  th e  T i l l  P la in  and Low Pla^- 
te a u  s e c t io n s ,  th e r e l i e f  i s  g e n e r a l ly  l e s s  than  50 f e e t .
Maximum d ra in age  r e l i e f  i s  found a lo n g  th e  V erm ilion  R iver  gorge in  
th e  Low P la te a u .
PRE-GLACIAL RELIES1
The b u r ied  topography o f t h i s  p o r t io n  o f  Ohio seems to  be th a t  o f  a  
border r e g io n  ly in g  betw een th e  A ppalach ian P la te a u  o f e a s te r n  Ohio and 
th e  more g e n t ly  r o l l in g  su r fa c e  c u t on th e  lim e s to n e  and s h a le s  o f  th e  
w estern  p a r t o f  th e  s t a t e .  Ver S te e g  ( 1 9 3 6 , pp . 9 2 1 -9 2 2 ) c h a r a c te r iz e d  
th e  sh a le  and lim esto n e  su r fa c e  a s  c o n s is t in g  o f g e n t ly  r i s i n g  v a l l e y  
s lo p e s ,  broad low  d iv id e s  and wide v a l l e y s .  H is mapping o f  t h i s  sur­
fa c e  in d ic a te d  a  g r a d ie n t o f about s i x  f e e t  p er  m ile  fo r  the a n c e s t r a l  
Huron and Sandusky r iv e r s .
The b u ried  su r fa c e  in  th e e a s te r n  p a r t o f th e  two c o u n t ie s  i s  
a p p a re n tly  somewhat more rugged th an  th e  p r e se n t  g la c ia t e d  s u r fa c e .
D rainage r e l i e f  a lon g  the o ld  V erm ilion  v a l l e y  i s  r ep o rted  as about 
300 f e e t  ( ib id ,  p . 9 2 1 ) .
GLACIAL EEATlffiSC 05' THE LOW PLATEAU -“LTD TILL PLAIN
The a rea  o f  Huron and E r ie  c o u n t ie s  has a lr ea d y  been  d is c u s se d  from  
th e  p o in t  o f  v iew  o f  p h y sio g ra p h ic  u n i t s  and th ree  such u n i t s  were r e ­
co g n ized  (p . 1 3 ) .  When i t  comes t o  th e  prim ary purpose o f  t h i s  s tu d y , 
how ever, i t  i s  in  many regard s more co n v en ien t to  make a. tw o fo ld  d iv i s io n  
o f ( l )  la c u s tr in e  p la in ,  and ( 2 ) g la c ia t e d  p la in  and p la te a u . The su r­
fa c e  fe a tu r e s  in  "both th e  Low P lateau , and. th e T i l l  P la in  are p r im a r ily  
th e  r e s u l t  o f  g la .c ia l  p r o c e s s e s  and, w h ile  th e  area  of the 3.a.cus tr in e  
p la in  liras a ls o  g la c ia t e d ,  th e su r fa c e  has been  m o d ified  by la c u s tr in e  
p r o c e s s e s .  The boundary betw een th e s e  two d iv i s io n s  i s  th a t  which marks 
th e  south ern  l im i t s  o f the E a stern  Lake s e c t io n :  the h ig h e s t  abandoned
s h o r e l in e .
GLACIAL PROCESSES
Pour g e n e ra l c a te g o r ie s  o f  p r o c e s se s  dependent upon g la c ie r s  may 
be r ec o g n ized : ( l )  g l a c i a l  e r o s io n , ( 2 ) d ir e c t  d e p o s it io n  by g l a c i e r s ,
( 3 ) m e lt-w a ter  d e p o s it io n  and (h ) e r o s io n  by m e lt-w a te r s . There had 
u n dou b ted ly  been  c o n s id e ra b le  g l a c i a l  e r o s io n  by the v a r io u s  ic e  sh e e ts  
over th e  a rea  o f  Huron and E r ie  c o u n t ie s .  T h is i s  r e f le c t e d  in  th e la r g e  
amount o f  l o c a l l y  d e r iv ed  m a te r ia l in  the t i l l  and g l a c i o - f l u v i a l  de­
p o s i t s  a.nd in  the s t r ia e  on bedrock s u r fa c e s . Eor th e most p a r t ,  how­
e v e r , th e  su r fa ce  in  the p la in  and p la te a u  i s  the produ ct o f  d e p o s it io n  
b y th e  g la c ie r s  and g l a c i a l  m elt w a ters .
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GLACIAL SURFACE FOBMS
Ehe fe a tu r e s  o f  th e g la c ia te d  p la in  and p la te a u  in  Huron and E rie  
c o u n t ie s  w i l l  be d escr ib ed  under th r e e  h ead in gs; l )  th o sev h ich  con­
s i s t  la r g e ly  o f g la c ia l  t i l l  and are th e  r e s u l t  o f  d ir e c t  d e p o s it io n  
from th e ic e  (ground moraine and b e l t s  o f  end m oraine); 2 ) th o se  b u i l t  
o f  so r ted  and s t r a t i f i e d  m a ter ia l and which are the product o f d e p o s it io n  
from g la c ia l  m eltw atere (e s k e r s , kames and outw ash); and 3 ) th ose  which 
r e f l e c t  the la c u s tr in e  p r o c e sse s  o f  pro-m oraine la k e s .
Method o f  Mapping 
G la c ia l su r fa ce  forms were mapped by d r iv in g  over th e cou n try sid e
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and n o tin g  th e  topography on U. S . G. S . topographic maps . Of the  
maps used  th e V erm ilion , Sandusky, B e lle v u e , Siam and Bucyrus maps are  
contoured w ith  a 1 0 - f o o t  contour in t e r v a l;  a l l  o th e r s , a  2 0 - fo o t  in t e r v a l .  
N eith er  in te r v a l  was found s a t is f a c t o r y  fo r  d e l in e a t in g  th e g l a c i a l  sur­
fa c e  forms and, th e r e fo r e , an a d d it io n a l system  o f  map n o ta tio n  was 
u sed  in  order to  a r r iv e  a t  a  more p r e c is e  d e f in i t io n  o f  th e  topography.
Ground moraine was mapped where th e t i l l  su r fa ce  was g e n t ly  undu­
la t i n g ,  i . e .  where th ere were on ly  sh a llo w  sw a les and broad g e n t ly  s lo p ­
in g  h i l l s .  E skers and o c c a s io n a l i s o la t e d  kames or bedrock h i l l s  were 
co n sid ered  a ccep ta b le  w ith in  th e  l im i t s  o f  ground m oraine. Good end 
moraine topography was d e fin ed  a s  s tr o n g ly  r o l l in g ,  i . e .  w ith  knobs
2 . In r e fer en ce  to  t h i s  method o f top ograp hic su rvey in g  i t  may be 
sa id  th a t a lth ou gh  roads in  th e two c o u n tie s  are not la id  out a lo n g  
s e c t io n  l i n e s  spaced a m ile  apart (See fo o tn o te  1 , p . 15)» fo r  th e  
most p a r t th ey  are c lo s e ly  enough spaced to  a llo w  a  g en era l v iew , in  
t h i s  r eg io n  o f r e la t iv e l y  low  r e l i e f ,  o f  th e nature o f th e  topography  
between road s. In  some c a se s  i t  was n e c essa ry  t o  walk to  a b e t t e r  
vantage p o in t ,  and, o f  co u rse , some fe a tu r e s  req u ire  c lo s e r  i n v e s t i ­
g a t io n .
and k e t t l e s .  (See P i s .  IX and X) A t h ir d  to p o g ra p h ic  typ e was a ls o  
r e c o g n iz e d , in  many c a se s  in ter m e d ia te  in  p o s i t i o n  as w e l l  a s  r e l i e f .  I t  
may'he c h a r a c te r iz e d  as g e n t ly  r o l l i n g  w ith  sm a ll d e p r e s s io n s  and low  
h u t som etim es sharp h i l l s .
Moraine B oundaries
The most d i f f i c u l t  boundary to  draw was th a t  betw een th e b a c k s  lo p e 3  
o f  end m oraines and th e  ground m oraine. The topography on e i t h e r  s id e  o f  
th e  l i n e  may be g e n t ly  r o l l i n g  or  even  g e n t ly  u n d u la t in g , fo r  an attem p t 
was made to  p la c e  th e  m oraine boundary where a  c o n s is t e n t  r i s e  toward  
m oraine c r e s t s  began in  the c o n s tr u c t io n a l top ograp h y.
The so u th ern  l i m i t s  o f  th e  end m oraines w ere, in  most c a s e s ,  e a s i l y  
d is c e r n i b le ,  due t o  th e  abandoned la k e  b ed s or m oraine c o n tr o l le d  stream  
v a l l e y s  w hich fr e q u e n t ly  l i e  im m ed iate ly  in  f r o n t .
M oraine C rests
W ithin th e  end m oraines an attem pt was made t o  f in d  co n tin u o u s  
c r e s t  l i n e s ,  a  " crest l in e "  or "moraine c r e s t"  b e in g  d e f in e d  a s  a  s t r in g  
o f  m orain ic  knobs or h i l l s  p o s s e s s in g  c o n t in u ity  f o r  a t  l e a s t  s e v e r a l  
m ile s  and w ith  summits above th e g e n e r a l l e v e l  o f  th e  c o n s tr u c t io n a l  
topography on e i t h e r  s id e .  A m oraine b e l t  i t s e l f  may a c t u a l ly  r ep re ­
s e n t  s e v e r a l  sh o r t term r ea d v a n c es , or ev en  be th e  r e s u l t  o f  c o n str u c ­
t i v e  p r o c e s s e s  a s s o c ia te d  w ith  two or more m ajor rea d v a n ces . A con—
3 . Throughout t h i s  paper "moraine fr o n t"  and b ack slop e"  w i l l  be u sed  
to  d e s ig n a te  th e  southward and northward fa c in g  m oraine s lo p e s  r e ­
s p e c t iv e ly .  T h is te r m in o lo g y  i s  s im ila r  to  th a t  o f  L e v e r e tt  (1 9 0 2 , 
e t c . )  who r e fe r r e d  to  "inner" and "outer" m oraine b o r d e r s . "Stoss"  
and " lee"  have a ls o  been  u sed  in  a  somewhat s im ila r  manne r  bu t I 
o b je c t  to  t h i s  u sage  becau se  i t  seem s t o  im ply a  mechanism o f  end  
m oraine fo rm a tio n  w hich w h ile  i t  may be v a l id  f o r  a p a r t ic u la r  
m oraine i s  not n e c e s s a r i ly  s o .
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t in u o u s  c r e s t  l i n e  on th e  o th er  hand presum ably marks th e  p o s i t io n  o f  
th e  i c e  fr o n t  a t  one p e r io d  o f  t im e . I t  was hoped th a t  c r e s t s  co u ld  be  
tr a c e d  a c r o s s  such  a r ea s  aslixe S h ilo h  m oraine knot where s e v e r a l  m oraines  
merged and */ould a id  in  c o r r e la t in g  th e  v a r io u s  m araine s e c t o r s .  A c tu a lly  
th e  hope was not born out b eca u se  where th e  g e n e r a l tr e n d s  become q u e s tio n ­
a b le  co n tin u o u s  c r e s t s  cou ld  n o t be fou n d . The e x p e r ie n c e  o f  t h i s  stu d y  
s u g g e s ts  th a t  in  m oraine a rea s  where no c r e s t s  are d is c e r n ib le  th er e  may 
have been  e i t h e r  an e x c e s s  o f  g l a c i o - f l u v i a l  d ra in age or th in  ic e  was 
u n ab le  to  le a v e  a c le a r  record  o f i t s  advance to  a  p r e v io u s ly  b u i l t  m oraine.
M eltw ater D e p o s its
The su r fa c e  form s o f  such  m eltw a ter  d e p o s it s  as kames and e sk e r s  
a re g e n e r a l ly  q u ite  d i s t i n c t i v e ,  b u t b e fo r e  p o s i t i v e  i d e n t i f i c a t i o n  can  
be made i t  i s ,  o f  c o u r se , n e c e s s a r y  to  se e  th e c h a r a c ter  o f  the m a te r ia l  
o f  which th e s e  f e a tu r e s  are b u i l t .  Here in  O hio ,san d  and g r a v e l p i t s  
have fr e q u e n t ly  been  opened in  th e s e  d e p o s it s  o f  so r te d  g l a c i a l  d e b r is ;  
in  o th er  c a s e s  c u ts  or e x c a v a t io n s  r e v e a le d  th e  n atu re  o f  th e  m a te r ia l;  
and where no ex p o su res  were a v a i la b le  auger b o r in g s  u s u a l ly  p ro v id ed  th e  
n e c e s s a r y  in fo rm a tio n .
The p resen ce  o f  outwash ch a n n els  and pro-m oraine la k e  beds was 
a l s o  su g g e s te d  by th e top ograp h y, but a g a in  th e  c h a r a c te r  o f  th e  under­
ly in g  m a te r ia l  had t o  be in v e s t ig a t e d .
T i l l  D e p o s its
End M oraines
W ithin Huron County and th e  r e g io n  j u s t  to  th e  so u th  th ere  are  
th r e e  m ajor end m orain es; th e  Wabash, Fort Wayne and D efia n ce  (P I . I ) ,
These are a l l  r e c e s s io n a l  m oraines o f  th e  W isconsin  g la c i e r  and were 
grouped by L e v e r e tt  (1 9 0 2 , pp . 5^ 5-619) th e h ead in g o f “M oraines
o f  th e  Maumee Lobe". As White (1935* P» ^3) p o in te d  o u t , how ever, th ey  
m ight w e l l  be c a l l e d  “M oraines o f  the E r ie  Lobe" fo r  a lth o u g h  s l i g h t  
lo o p s  in  th e  m orain ic  b e l t s  do in d ic a te  th a t  some lo b a t io n  o f  th e  ic e  
fr o n t  s t i l l  rem ained a t th e  tim e o f  t h e ir  fo rm a tio n , a l l  th ree  m oraines  
can be tr a c e d  d i r e c t l y  a c ro ss  th e  “ro o ts"  o f  the Miami, S c io to  and K i l l -  
buck^ lo b e s .
The e n t ir e  w idth  o f  th e  D efian ce  m oraine b e l t  l i e s  w ith in  th e  l im i t s  
o f  Huron County. South o f  th e D e f ia n c e , and sep a ra ted  from i t  by ground  
m oraine and abandoned la k e  b e d s , i s  another morainic b e l t . Only th e  
n orth ern  or b a ck slop e  of t h i s  b e l t  e n te r s  Huron County. That p o r t io n  o f
th e  b e l t  in  n orth ern  R ich land  County, j u s t  so u th  o f  R ip le y  and Hew Haven
to w n sh ip s , Huron County, w i l l  be r e fe r r e d  to  as th e  S h ilo h  m oraine knot
f o r  s e v e r a l bands o f  m oraines are h ere  m erged. The m ora in ic  b e l t s  w hich
come to g e th e r  have been v a r io u s ly  mapped and c o r r e la te d  in  th e p a s t .  Be­
cau se  th e  a rea s  in  w hich  th e answ ers to  th e  q u e s tio n s  o f  c o n t in u ity  and 
c o r r e la t io n  l i e  are to o  f a r  removed from th e  area  o f  t h i s  stu d y  to  have 
p e r m itted  even  a  b r i e f  r e c o n n a issa n c e , a  b r i e f  summary o f  p a s t  in t e r ­
p r e ta t io n s  w i l l  be g iv e n , and th e  one which I fa v o r  w i l l  then  be u sed  as  
a b a s is  fo r  fu r th e r  d is c u s s io n .
Moraine C o r r e la t io n s : In Crawford County L e v e r e tt  (1 9 0 2 , P I . X III
and p . 571) mapped e v e r y th in g  so u th  from th e  W illard  Marsh to  Broken
Sword Creek as F ort Wayne m oraine (S ee P I . V II ) , a p p a ren tly  not r e -
b.  White ( l9 3 ^ a « P» ^55) gave th e  name “E illb u c k  lob e"  to  th a t  por­
t io n  o f  g la c ia t e d  Ohio w hich L e v e r e tt  (1 9 0 2 , p .  ^03) r e fe r r e d  to  as  
th e  “sh o u ld er  o f  th e S c io to  lo b e " .
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P I . VII
M oraines in  north  c e n tr a l Ohio (S c io to  and K illh u c k  lo h e s ) .
.29
c o g n iz in g  an o ld  la k e  bed sou th  o f  the m orainic topography near New 
W ashington.
White (1937» p« 36 ) co n stru c ted  a  map o f some o f  the m oraines o f  
n o rth  c e n tr a l  Ohio from p r o je c te d  p r o f i l e s  and c a l le d  th e New Washington 
h e l t  th e Fort Wayne, m oraine, in c lu d in g  a l l  th e  r e s t  o f the m orainic  
topography sou th  to  th e Sandusky R iver  in  th e Wabash. In th e paper  
which t h i s  map accom panied, however, he s ta te d  th a t s in c e  h is  p r o f i l e s  
had been  co n stru cted  p r im a r ily  to  show th e n o r th -so u th  tren d in g  segm ents 
o f  th e  Broadway and Pow ell m oraines th ey  d id  not r e v e a l th e  e a st-w o st  
tren d in g  Fort Wayne and Wabash too  w e l l .  L ater (1939 , F ig . 2 , p . 279 
and p . 287) ,  u s in g  n o r th -so u th  p r o f i l e s ,  he changed h is  e a r l i e r  cor­
r e la t io n  and showed th e New W ashington b e l t  as a  spur, ex ten d in g  w est­
ward from what in  th is  paper i s  c a l le d  th e S h ilo h  knot and ending ab rup tly  
in  C h a tf ie ld  Township, Crawford County. The name Fort Wayne was then  
a p p lied  to  th e m orainic b e l t  ju s t  north  o f  Broken Sword Creek and south  
o f  th e  p r e v io u s ly  m entioned la k e  bed .
Hubbard and Rockwood (1942 , p . 243 and F ig . 11 , p . 244) in te r p r e t  
th e  o ld  la k e  bed (Tabor School area) as a  la r g e  k e t t l e  w ith in  th e  Fort 
Wayne m oraine.
Dr. W hite's 1939 c o r r e la t io n  rep re sen ts  a c tu a l and d e ta i le d  work 
on th e problem and so  i s  accep ted  h e r e . I t  i s  the in te r p r e ta t io n  used  
on th e map o f  th e g l a c i a l  d e p o s its  in  Ohio which was p u b lish ed  in  con­
ju n c t io n  w ith  B u l le t in  44 o f  the Ohio G eo lo g ica l Survey (S to u t e t  a l ,  1943, 
map opp. p . 2 0 ) .  I t  would seem, however th a t d e ta i le d  f i e l d  mapping o f  
c r e s t s  w ith in  th e Fort Wayne moraine from the reg io n  o f Dunkirk, Hardin  
County, to  c e n tr a l Crawford County might w e ll be of v a lu e .
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P i .  VIII
D E F IA N C E
FORT WAYNE
S H I L O H  K N O T
NEW  W A S H IN G T O N  S P U R
W A B A SH
i‘3 orp ines id e n t if ie d , in  tne area o f th is  study.
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S h ilo h  Moraine K not: ''Shiloh moraine k not1’ i s  the name g iv en  in
t h is  paper to  th a t area  in  northern Richland County, south  o f Plymouth, 
where the Wabash, Port Wayne and se v e r a l l e s s e r  m orainic b e l t s  m erge,(P I. V II I ) .  
The fr o n ta l  c r e s t  o f  the Wabash does con tin u e acro ss  th e  southern p o r tio n  
o f th e  k n ot, but w ith in  th e body o f the complex jumbled d r i f t  k n o lls ,  
kames and esk ers  are- the r u le  (P i .  IX, P ig . 1 and P I. XIV, P ig . 2 ) .
The t i l l  i s  somewhat sandy and u n d erly in g  le n s e s  and la y e r s  o f sand and 
g ra v e l are common (See p .9 2 ) .
There are a t le a s t  two ways o f  lo o k in g  a t th e r e la t io n s h ip  o f the  
knot to  o th er la r g e r  fe a tu r e s :  l )  The area  i s  in te r lo b a te  in  p o s i t io n  
between the S c io to  and K illb u ck  lo b e s . This in te r lo b a te  p o s i t io n ,  e s ­
p e c ia l ly  between lo b es  o f  such unequal development as th e K illbuck  and 
S c io to  would mean the overlapping and p i l in g  up o f m oraines one on top  
o f  the o th er , so th at th e  b e l t  o f m orainic topography i s  not the r e s u lt  
o f  one advance o f the i c e ,  2.) The bedrock o f th e Low P la teau  and par­
t i c u la r ly  i t s  w estern boundary, the Berea escarpm ent, was enough o f  an 
o b s ta c le  during Cary tim e to  a llow  only  th in  and s lu g g is h ly  moving ic e  
a cro ss  t h i s  area . In t h i s  l a t t e r  ca se  moraine development would be i r ­
regu lar  and s t r a t i f i e d  d r i f t  h i l l s  common.
The lo b a t io n  i t s e l f ,  o f  co u rse , m erely r e f l e c t s  th e p resence o f a 
bedrock o b s ta c le , so th a t from e ith e r  d ir e c t io n  we u lt im a te ly  approach 
the same answer: the S h iloh  moraine knot i s  the r e s u lt  o f  the in ­
flu en ce  o f bedrock on ic e  movement and d e p o s it io n .
Wabash M oraine: The Wabash moraine l i e s  e n t ir e ly  o u ts id e  the two
c o u n tie s  o f  t h i s  r e p o r t , but i t  i s  mentioned here because i t  i s  an 
elem ent w ith in  th e  S h ilo h  moraine k n ot.
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PI. IX
J?opography w ith in  S h ilo h  moraine knot 
so u th ea st o f Plymouth.
E ast o f  S h ilo h , where two d i s t in c t  "belts o f  m oraine are once again  
apparent, th ere  i s  l i t t l e  doubt but th a t th e  southernm ost i s  the Wabash 
fo r  i t s  c r e s t  can be tra ced  from a t  l e a s t  as fa r  w est as Bucyrus, Craw­
fo rd  County, to  Rome, R ichland County, i . e .  a long th e south ern  edge of 
th e  k n ot. S evera l m ile s  e a s t  o f  Rome some u n c e r ta in ty  as to  c r e s t  l in e s  
a r is e s  because o f the p o s s ib le  co n fu sio n  w ith  bedrock h i l l s  marking the  
edge o f  th e A llegheny P la tea u , Much more than a b r ie f  recon n aissan ce i s  
needed to  map t h i s  p o r t io n  o f the Wabash moraine w ith  any accuracy. White 
( 1933 , p . 212), how ever, rep o rts  th a t th e Wabash i s  q u ite  d i s t in c t  from 
Rome to  th e  area  of th e  Summit County H ighland.
F ort Wayne M oraine: The Tort Wayne moraine merges w ith  th e Wabash
in  th e v i c i n i t y  o f T ir o , Crawford County and a Port Wayne c r e s t  i s  
id e n t i f ia b le  northw est o f  th e  Wabash c r e s t  fo r  s e v e r a l m ile s .  T his  
c r e s t  i s  l o s t  among a  group o f  sand and g r a v e l h i l l s  near the e a ste r n  
edge o f  th e  S h ilo h  knot in  Crawford County. Eastward from t h i s  p o in t  
to  S h ilo h  i t  was im p o ssib le  to  tra ce  a continuous c r e s t  w ith in  the body 
o f  the moraine kn ot. At the n o r th ea stern  l im i t s  o f S h ilo h , however, a  
sharp c r e s t  appears and i t  can be tra ced  e a s t  and northeastw ard to  the  
north ern  p o r t io n  o f  S e c tio n  3 , R, 18 W,, T 23 K ., R ich land  County, This 
c r e s t  and th e  northern  m orain ic b e l t  of which i t  i s  p art i s  g e n e r a lly  
reco g n ized  as  Port Wayne,
Prom S e c tio n  3 to  the V erm ilion R iver  v a l le y  no contin uous c r e s t  
was found, a lthough  th e topography in  south ern  Greenwich Township, Huron 
C o u n ty ,is  d i s t i n c t l y  m orainic (P I. IX, P ig , 2 ) w ith  w e ll-d ev e lo p ed  knobs 
and k e t t l e s .  In northern  B u tle r  Township (S e c tio n s  1 and 2 , R,18 W., T .23  
U. and s e c t io n s  5 and- 6 , R, 17 W., T 23 N .) ,  R ichland County, th ere  are
3^
p a tch es  o f  good m orainic knobs, but th ey  are sep arated  by areas o f  a l ­
most l e v e l  ground m oraine. This poor moraine developm ent probably re ­
f l e c t s  the in f lu e n c e  o f  th e w estern  edge o f  the A llegheny P la tea u  upon 
the i c e .
E ast o f  th e V erm ilion R iv er , on th e uplands o f  the p la te a u , two c r e s t  
l in e s  occur w ith in  the Port Wayne b e l t .  One i s  near th e  fro n t o f  the.'m oraine 
and tren d s northeastw ard from Savannah; th e  oth er has a more e a s t e r ly  
trend  and l i e s  w ith in  a h a l f  m ile  o f the southern boundary o f R eggies 
Township, Ashland County. These two c r e s t s  merge a t th e  1228 corner in  
the so u th ea st corner o f  Troy Township, Ashland County, and from t h is  
p o in t a  s in g le  strong c r e s t  co n tin u es eastw ard at l e a s t  as fa r  as S ta te  
Route 60, south  o f  S u lliv a n , Ashland County.
Rev; Washington Spur Moraine t As m entioned above (p . 2,9) the town o f  
Rev/ W ashington, Crawford County, i s  s itu a te d  in  an area  o f  good m oi'ainic 
topography (P I. X) which i s  p art o f  a moraine b e l t  mapped by White (1939) 
as ex ten d in g  from th e  northw estern  corner o f T . l  S . . R l6 E . , Crawford 
County eastward in to  R ichland County where i t  merges w ith  the Port Wayne 
and Wabash m oraines in  th e  S h ilo h  kn ot. I was ab le  to  tr a c e  a sharp 
c r e s t  in  t h is  moraine from ju s t  north  o f th e  v i l l a g e  o f C h a tfie ld  to  
Auburn Center near the Crawford-Richland county l i n e ,  where i t  i s  l o s t  
among the jumble o f  t i l l  and g ra v el k n o lls  a t the w estern  edge o f  th e  knot.
Prom C h a tfie ld  to  S e c tio n  20 , R .20 W., T 22 R . , th e  southern l im it  
o f t h i s  b e l t  i s  e a s i l y  mapped fo r  an o ld  lak e bed l i e s  d ir e c t ly  in  fro n t  
(so u th ) o f  th e moraine (P I. X, P ig , 2 ) .  The north ern  l im it  i s  alm ost 
e q u a lly  c le a r  c u t , b ein g  a boundary betw een the moraine and another  
abandoned la k e  bed now occu p ied , in  p a r t , by the W illard  Marsh.
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P i .  X
3?ig. 1 -  topography w ith in  Hew Washington spur mor­
a in e  e a st  o f Hew W ashington.
M g . 2 -  View southward from Hew W ashington spur 
m oraine to  Tahor la k e  "bed in  the d is ta n c e .
D efian ce Moraine; G. E. G ilb er t, in  the course o f h is  work in  north­
w estern  Ohio, was the f i r s t  to  recogn ize  th e D efiance m oraine, or B lan­
chard as he c a l le d  i t  (G ilb e r t , 1873, PP- 5 4 1 -5 4 2 ). A pproxim ately 30 years  
la t e r  L ev erett ( 1902, pp . 586-589 and P I . X II I ) traced  t h is  moraine e a s t ­
ward across the area  of Huron and ad jacen t c o u n tie s . I am in  gen era l 
agreement w ith  L ev erett* s  mapping, a lthough because o f the c r i t e r ia  here  
used fo r  drawing the l in e  between the backslope and th e ground moraine 
(p . 25) th e w idth o f the moraine as I have mapped i t  i s  sometimes g r e a te r . 
Then in  one or two ca se s  areas inclu ded  w ith in  the moraine b e lt  by Lev­
e r e t t  have not been mapped as moraine in  t h is  study.
Moraine Pront: Prom A tt ic a  in  Seneca County to north of New Haven,
Huron County, the fro n t o f the D efian ce  moraine i s  c le a r ly  marked fo r  
i t  r i s e s  abru p tly  above the f l a t  land of an abandoned p r o -g la c ia l  lak e  
bed. Eastward from the New Haven v i c in i t y  to  southw estern P i t c h v i l l e  
Township the fro n t i s  s t i l l  e a s i ly  d is c e r n ib le  above th e alm ost l e v e l  
ground moraine and an outwash channel.
In southw estern P i t c h v i l l e  Township th ere  are two patch es of mor­
a in ic  topography, w ith in  which are stron g  c r e s t s  w ith  a n o r th ea st-so u th ­
w est tren d . These patch es are in terp re ted  as being p a rt o f  a n orth east  
tren d in g  spur from the S h ilo h  knot. (See p . 4 0 .)  The c r e s t s  are l o s t  a t  
the V erm ilion R iver v a l le y  and the spur seems to  be overlapped by the  
D efiance moraine (p . 4 1 ) .  West o f the V erm ilion R iver a stron g  moraine 
fr o n t i s  once again  v i s ib l e  above th e s i l t y  p la in  of another sm all pro­
g la c ia l  lak e  bed (P I. X I) . Continuing eastward in to  R uggles Township, 
Ashland County, the v a l le y  o f Buck Creek marks the southern boundary o f
View northward to  fr o n t o f  D efian ce  moraine from 
Hew London Lake Led.
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th e  m oraine. From the e a s te r n  l im i t s  o f  B ig g ie s  Township to  th e Medina 
County l i n e ,  th e Port Wayne end D efiance m oraines are sep arated  on ly  by  
the narrow v a l le y s  o f  Buck Creek and the West Pork o f  the B lack  E iv e r .
Moraine C rests: Prom A tt ic a , Seneca County, to  C e le r y v il le  in  w est­
ern Huron County, two good c r e s t s  were tra ced  w ith in  th e D efian ce  m oraine. 
At C e le r y v i l le  th e  southernm ost d ie s  o u t, but the second co n tin u es to  be 
w ell-d ev e lo p ed  as fa r  eastward as the West Branch o f  the Huron R iver in  
so u th ea stern  G reen fie ld  Township. North o f  New Haven and about th ree  
m ile s  e a s t  o f  C e le r y v i l le  a  fr o n ta l  c r e s t  i s  aga in  p r e se n t . I t  can be 
tra ced  northeastw ard in to  the north w estern  corner o f  P i t c h v i l l e  Township. 
Between t h is  l a t t e r  p o in t and the V erm ilion R iver th ere  i s  no c r e s t ;  
in s te a d  th ere  i s  a  s e r ie s  o f  in d iv id u a l t i l l  and g r a v e l k n o l ls ,  o fte n  
prom inent in  th em se lv es, but which cannot be lin k ed  in to  a continuous  
c r e s t .  These k n o lls  occur in  a rou gh ly  n o r th -so u th  l in e  along the w est 
s id e  o f  the V erm ilion  v a l le y  and a s im ila r  l in e  i s  found on the e a st  
s id e  o f  the r iv e r .  (See p . 53*)
E ast o f  the V erm ilion  R iver near P i t c h v i l l e  a low fr o n ta l  c r e s t  
was mapped. As t h i s  i s  tra ced  eastw ard , sou th  o f  Hew London, i t  becomes 
stro n g er  u n t i l  i t  i s  q u ite  prominent a t  H ereford, Ashland County. In 
th e  s e c to r  e a s t  o f H ereford the D efiance moraine i s  a t edge o f th e  A l­
legh en y  P la tea u  s e c t io n  o f  the Appalachian P la tea u s  p r o v in ce .
Inner Border: The n orth ern , or b a c k s lo p e , l im it  o f  the D efian ce
moraine in  e a ste r n  Seneca County and a cro ss  Norwich Township, Huron 
County, i s  r e la t iv e l y  sim ple to  map. Continuing eastward in to  Green­
f i e l d  Township, however, the boundary becomes obscured in  an area  o f  
more mature d is s e c t io n .  T his area  which occu p ies most o f  northern  Green-
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f i e l d  Township and much o f  Peru Township, sou th  o f  th e  Maumee I I I  beach  
was in c lu d ed  in  th e  D efian ce  b e l t  by L ev e r e tt  (1902 , p .  588)# I b e l ie v e ,  
however, th a t th e  h i l l s  and ra th er  deep sw ales rep resen t d e s tr u c t io n a l  
ra th er  than  c o n s tr u c t io n a l topography, fo r  the to p s  o f  th e  d iv id e s  show 
a g e n t le ,  co n tin u o u s, northward s lo p e  to  th e  l e v e l  o f  th e  Maumee I I I  
beach . (See p- , 115 ) T h erefore , I have not in c lu d ed  t h i s  a rea  in  th e  
end m oraine.
l a s t  o f  th e Peru Center Boad in  n o r th ea st G reen fie ld  Township th ere  
are t i l l ; knobs which have a  roughly n o rth -so u th  alignm ent along' th e  
w estern  s id e  o f  th e  Uorwalk E sker. At i t s  southern  end t h i s  l in e  appears 
to  merge w ith  the prom inent c r e s t  which c r o s se s  S ta te  Houte 6l  in  the  
so u th ea st corner o f  G reen fie ld  Township, a lth ou gh  the h i l l s  th em selves do 
not form a  contin uous r id g e . S evera l auger h o le s  in  th e se  h i l l s  showed 
t i l l  and no sand and g r a v e l. The t i l l ,  however, i s  somewhat sa n d ier  than  
normal fo r  the D efian ce  m oraine, and may be th e r e s u l t  o f  some washing o f  
th e  m a te r ia l. These knobs are in c lu d ed  in  th e  moraine so  th a t th ere  i s  a  
sh ort northern  ex te n s io n  betw een th e two branches o f  th e  Huron Biver#
Prom th e E ast Branch o f  th e  Huron B iver eastw ard to  th e  Huron County 
l im i t s  th e  moraine l i e s  acro ss  th e Low P la te a u . The ex a c t p la c in g  o f  th e  
northern  boundary here may be open to  some q u estio n , but i t  i s  f e l t  th a t  
i t s  lo c a t io n  cou ld  be g e n e r a lly  agreed upon w ith in  a  m ile  or s o .
A w e ll-d ev e lo p ed  spur which in c lu d e s  th e  g r a v e l h i l l s  on e i t h e r  s id e  
o f  th e V erm ilion  B iv er  c a r r ie s  th e north ern  l im i t s  o f  the D efian ce  n orth  
as fa r  as c e n tr a l H artland and C la r k s f ie ld  tow nsh ips. Beyond sou th ­
w estern  C la r k s f ie ld  Township th e  northern l im i t s  o f  th e moraine are
mapped as tren d in g  southeastw ard to  the L orain county l i n e ,  ju s t  west 
o f the v i l la g e  o f  R ochester in  L orain  County*
An in n er member o f  th e D efiance moraine was traced  weatward by  
L ev erett (1902 , p . 581 and P I. X III) from R ic h f ie ld , Summit County, 
through the c i t y  o f  Medina, to  a  p o in t  5 m ile s  n orth  o f  Lodi and then  
in to  Huron County, north o f th e la t i tu d e  o f  Rochester* I could  find  no 
ev idence fo r  such a  m orainie b e l t  in  Huron County, nor, fo r  th a t m atter , 
w est o f  th e R ochester-H untington township l in e  in  Lorain County. Ju st  
north o f  the v i l la g e  o f  H untington, in  the l a t t e r  townBhip, however, th e  
c r e s t  o f  t h is  member i s  e a s i l y  d is c e r n ib le .  l e v e r e t t ' s  method o f mapping 
end m oraines le d  him to  show ground moraine betw een t h is  in n er b e lt  and the  
main outer b e l t .  U sing th e c r i t e r ia  o u t lin e d  above (p . 25)» however, there  
i s  no ground moraine between the two b e l t s  in  H untington Township.
D elphi Spur M oraine: An area o f  m orainie topography w ith in  which
n o rth -n o rth ea st tren d in g  c r e s t s  were mapped in  southw estern  P i t c h v i l l e  
Township, Huron County, has been m entioned above ( p . 36 ) .  A g la c ia l  
outwash channel (See p . 55) d iv id e s  th e  area in to  two d is t in c t  p a r ts  
and a ls o  serv es  to  sep arate  th e westernm ost patch  from th e  D efiance  
moraine to  th e n orth .
The tr a c t  which l i e s  e a s t  o f  the channel i s  approxim ately 1 .7 5  m ile s  
in  w idth and th ree m ile s  lo n g . That which l i e s  w est o f  the channel i s  
mapped as exten d in g  from S ta te  Route 161 to  the S h ilo h  knot a t Plymouth.
A c r e s t  w ith in  t h is  w estern  area  o f  moraine can be traced  from th e northern  
end near Route 161 to  c e n tr e !  R ip ley  Township south o f  th e  D elphi c r o s s ­
road s. West o f  t h is  p o in t  th e topography i s  o n ly  w eakly m orain ie and the  
c r e s t  which i s  shown on th e map (P i .  I )  a s  ex ten d in g  southwestward from 
th e  v i c i n i t y  o f  D elphi to  th e  S h ilo h  knot i s  an ex trem ely  tenuous one.
th e  extreme north ern  l im it  o f  th e  D elph i spur i s  marked by th e  o u t-  
wash ch an n el, and i f  ev er  t h i s  b e l t  o f  moraine extended  fa r th e r  northward, 
i t  has been overlapped by th e  D efian ce  (See p . 36 ) .  Prom the channel 
border to  B o u g h to n v ille  th e  boundary betw een end and ground moraine i s  
e a s i l y  mapped. West o f  B o u g h to n v ille  th e  b la c k s lo p e  abuts a g a in s t  th e  
o ld  W illard  la k e  bed and a  c le a r -c u t  boundary i s  p r e se n t . Worth o f  
Plym outh, a t the w estern  end o f  th e b e l t ,  th e boundary i s  s t i l l  one 
betw een la k e  bed and end m oraine. T his w estern  m oraine edge i s  a f fe c te d  
by th e B erea sandstone which here u n d e r lie s  r e l a t i v e l y  th in  t i l l  and h i l l s  
o f  s t r a t i f i e d  d r i f t ,
Ground Moraine
The second major c a teg o ry  o f  forms r e s u lt in g  from d ir e c t  g la c ia l  
d e p o s it io n  i s  ground m oraine. In th e  a rea  o f  t h i s  in v e s t ig a t io n  the  
la r g e s t  expanse o f  continuous ground moraine l i e s  betw een th e  D efian ce  
moraine and th e h ig h e s t  Maumee beach. In  fr o n t o f th e  D e fia n c e , in  
Huron County, th e b e l t  o f  ground moraine i s  narrow ancLmuch o f  i t  has 
been m o d ified  b y  th e  la c u s tr in e  p r o c e s se s  w ith in  sm all p r o - g la c ia l  la k e s .
The su r fa ce  o f  th e ground moraine i s  t y p ic a l ly  f l a t  or g e n t ly  
r o l l in g  (10 t o  15 f e e t  o f  r e l i e f  w ith in  a  square m ile )  and r ep resen ts  
an area  over which th e  ic e  edge r e tr e a te d  r a p id ly  w ith ou t h a lt in g .  In  
B rie  and Huron c o u n tie s  two ty p es  o f  fe a tu r e s  in ter r u p t t h i s  su r fa ce  o f  
low  r e l i e f :  bedrock h i l l s  and esv^rs and kames.
3Dli© p resen ce  o f  B erea sandstone h i l l s  capped "by on ly  th in  t i l l  in. 
so u th ea stern  E r ie  County and n o r th ea stern  Huron County (P I . V, P ig . 2) 
has a lrea d y  "been m entioned in  co n n ection  w ith  th e r e l i e f  o f  th e  Low 
P la tea u  (p , 13). In Lyme Township, Huron County, w ith in  th e  T i l l  P la in  
s e c t io n ,  th e carbonate rocks o f  the Devonian l i e  c lo s e  to  th e su rface  
and the lon g  low  r id g e s  and sharp s in k h o le s  are  the r e s u lt  o f  t h e ir  
presen ce  ra th er  than o f  g l a c i a l  d e p o s it io n .
The H artland e sk er  l i e s  e n t ir e ly  on th e  ground moraine and, a lth ough  
i t s  maximum h e ig h t  i s  not g r e a t ,  i t  i s  prom inent because o f  the c o n tr a s t  
w ith  th e n e a r ly  l e v e l  ground moraine su r fa ce  which surrounds i t  (P I . X II I ) ,  
Only p o r t io n s  o f  th e Norwalk and H ip ley  e sk er s  are w ith in  the borders o f  
th e  ground m oraine.
G la c io - f lu v ia l  f e a tu r e b
The g l a c i a l  fe a tu r e s  in c lu d ed  under t h i s  heading are kames, e sk ers  
and outwash. M eltw ater from g la c ie r s  was th e  a c t iv e  agent in  t h e ir  fo r ­
m ation so  th a t  th ey  c o n s is t  o f  so rted  and s t r a t i f i e d  m a te r ia l. The e sk e r s ,  
o f  which th ere  are th ree  in  th e  area  o f  t h is  r ep o r t , are perhaps th e most 
prom inent to p o g r a p h ic a lly  o f  th ese  g la c io - f l u v ia l  f e a tu r e s .
Eskers
An e sk er  i s  d e fin ed  by f l i n t  (19^7» p . 150) a-s "a  lo u g  narrow i c e -  
co n ta c t r id g e  commonly sin uou s and composed c h ie f ly  o f  s t r a t i f i e d  d r i f t " .  
There i s  a  ra th er  wide v a r ia t io n  in  s i z e ,  i . e .  le n g th  and h e ig h t , and 
th e  c r e s t  may be e i t h e r  smooth or "broadly hummocky".
The lo c a t io n s  o f  th e Huron County e sk e r s  are shown on p la t e s  I  and 
V III , L ev e r e tt  f i r s t  d escr ib ed  and named th e  H artland esk er  (1902 , p . 616)
fo r  the township in  which i t  i s  lo c a te d . He a ls o  d escr ib ed  b r i e f ly  
and gave the name "Norwalk" t o  the la r g e s t  o f  th ese  e sk ers  (1902 , pp . 
587-588)* L ater Stout (19^3, p . 37 and map opp. p . 2 0 ) , em phasizing  
th e segm entation o f  th e l a t t e r  r id g e , d esig n a ted  the northern p o r tio n  
the "Norwalk esk er" , and the southern , th e  " F a ir f ie ld  e sk er" . X see  
no reason  fo r  the two names, fo r  the northern end o f S to u t 's  F a ir f ie ld  
eaker and the southern end o f h is  Norwalk esk er  are sep arated  by l e s s  
than th r e e -te n th s  o f  a m ile , and a d d it io n a l segments have been mapped 
b oth  to  th e n orth  and south  o f  th ose  which he reco g n ized . The th ir d  and 
sm a lle st  esk er  r id ge does not appear to  have been m entioned p r e v io u s ly  
in  the l i t e r a t u r e .  She name "Eipley" i s ,  th e r e fo r e , su ggested  fo r  i t ,  
s in ce  i t  l i e s  e n t ir e ly  w ith in  th a t tow nship. (Che Hartland and Norwalk 
eakers l i e  on th e north  edge o f  the D efian ce  moraine; th e H ip ley  eslcer 
i s  sou th  o f  i t .
D e sc r ip tio n  o f th e  Huron County E sk er s: (Phe th ree Huron County
esk ers  range from approxim ately one and th r e e -te n th s  m ile s  to  f iv e  m ile s  
in  le n g th  and the maximum r e l i e f  v a r ie s  from approxim ately 18 f e e t  to  72 
f e e t .  A ll  have a g en era l n o rth -so u th  o r ien ta tio n *
Norwalk Esker: (Dhis i s  th e  la r g e s t  o f  the th ree  g la c  i o - f  lu v ia l
r id g e s . I t  has a t o t a l  le n g th  o f fou r and e ig h t - te n th s  m ile s  w ith in  
which d is ta n ce  se v e r a l segments may be recogn ized . I t  i s  lo c a te d  near 
the w estern  township l in e s  o f Bronson and F a ir f ie ld  tow nsh ips. Bidge 
Road, a  county road, fo llo w s  a long i t s  c r e s t .
The v a l le y  o f  the East Branch o f the Huron R iver  i s  j u s t  e a s t  o f  
th e middle segments o f  the r id ge and here the r iv e r  roughly marks the
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F ig . 1 -  P o r tio n  o f  Horwalk e sk er .
i
F ig . 2 -  View o f Norwalk esk er showing branches and 
p a r t ia l ly  en c lo sed  b a s in .
updip edge o f  the B erea san d ston e. In  o th er  words, th e Norwalk e sk er  i s  
lo c a te d  above th e co n ta c t betw een th e  B edford sh a le  and th e  B erea sand­
s to n e .
The o u t lin e  o f th e Norwalk e sk e r , p a r t ic u la r ly  in  th e m iddle por­
t io n s ,  i s  h ig h ly  ir r e g u la r  w ith  numerous sh ort arms branching out along  
th e w est s id e  o f  th e main r id g e  and p a r t i a l l y  e n c lo s in g  sm all b a s in s  
(P I . X II ) . The arms fr e q u e n tly  recurve toward the main r id g e  but never  
q u ite  merge w ith  i t  aga in .
The c r e s t  o f  th e  main r id ge  i s  q u ite  hummocky and th e appendages 
branch out from th e h ig h er  knobs. The r id g e  i s  g e n e r a lly  betw een hO 
and 50 f e e t  h ig h  and a t t a in s  a  maximum h e ig h t o f  72 f e e t .  The north ern  
segm ents are sep arated  from th e  r e s t  o f  th e  r id g e  by th e  v a l le y s  o f the  
E ast Branch o f  th e Huron E iv er  and a sm all tr ib u ta r y . Eor about a  m ile  
sou th  o f  th e south ern  end o f th e  e sk e r , as mapped, th ere  i s  a l in e  o f  
v ery  low c o n ic a l mounds which c o n s is t  o f  sand and g r a v e l ,  and beyond 
th e northern  end o f  the tru e  e sk er  i s  a  sm all group o f kame h i l l s *
Some o f th e  h ig h er  knobs c o n s is t  o f  v ery  p o o r ly  so r ted  m a ter ia l  
which i t  i s  perhaps b e s t  to  c a l l  " t i l l " .  T his t i l l ,  how ever, i s  much 
sa n d ier  than th e t i l l  o f  th e D efian ce  moraine and has p robab ly  been  
washed to  some e x te n t . In  sand and g r a v e l p i t s  a long the le n g th  o f  the  
esk er  the sorted  m a ter ia l sometimes l i e s  d ir e c t ly  on bedrock (Bedford  
sh a le )  and som etim es, on b lu e  t i l l .
Two pebb le  counts (cou n ts o f  p ie c e s  one to  th ree  in ch es  indLameter) 
from p i t s  in  th e  esk er  show th a t  w e ll  over th re e -q u a rte r s  o f  th e  m a ter ia l  
o f  pebb le s iz e  i s  from bedrock found in  th e  two c o u n tie s  o f  t h i s  r e p o r t .
These co u n ts , which were made from l o c a l i t i e s  about a  m ile  aad a h a l f  
a p a rt, were v e ry  s im ila r  in  d is t r ib u t io n  o f rock ty p e s . The fo llo w in g  
ta b le  g iv e s  the average o f  th e  two cou n ts:
TABLE I I
Pebble Counts from th e  Norwalk SBker
Sedim entary rocks
M iss is s ip p ia n  sandstone 32$
D evonian and M iss is s ip p ia n
b la ck  sh a le  29
M is s is s ip p ia n  sh a le  2
c la y  iro n sto n e  (from th e
Huron s h a le ) 1
S ilu r ia n  d olom ite  6
Devonian lim esto n e  9
ch ert (from Devonian lim e­
sto n e ) 8
TOTAL SEDIMENTARY HOCKS 82$
Igneous rocks
A c id ic  10$
B a s ic  4-
14$
Metamorohic rocks
Q u artz ite  1$
o th ers  8
TOTAL CRYSTALLINE ROCKS 18$
H artland E sker: The H artland e sk er  i s  lo c a te d  in  th e  n o rth ea stern
p a r t o f  H artland Township, I t  has a  t o t a l  le n g th  o f  two and tw o -ten th s  
m ile s  and a maximum h e ig h t above th e ground moraine o f about 20 f e e t  
(P I . X I I I ) .  The tren d  o f  th e  r id ge  i s  rough ly  n o r th -so u th , w ith  the 
north ern  p o r t io n  tren d in g  s l i g h t l y  to  th e  e a s t  o f  so u th , ’and the south­
e rn , s l i g h t l y  to  the sou th w est. DeRussey Road, a  county road , fo llo w s  
the c r e s t  o f  the r id g e .
northern end o f H artland esk er from the w est.
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T his e sk er  i s  much, more reg u la r  in  o u t lin e  them th e  Norwalk e sk e r , 
la c k in g  e n t ir e ly  th e  sh o rt curved appendages. I t s  downstream term inus 
i s  an abrupt o n e , a lth ough  a sm all kame about th r e e -te n th s  o f  a  m ile  to  
th e  sou th  may q u ite  p ro p er ly  be co n sid ered  a p a r t .  Another sm all g ra v e l  
h i l l  l i e s  a few  hundred f e e t  e a s t  o f  th e northern  end o f  th e r id g e .
A number o f  sm all p i t s  have been opened in  the r id g e  and w ith in  
th e northern segment th ese  p i t s  show a  n ic e  g ra d a tio n  in  the s i z e  o f  
th e  m a ter ia l making up th e r id g e . In  th e northernm ost p i t ,  betw een  
S ta te  Route 18 and th e  W heeling and Lake E rie  R a ilro a d , th e  average  
s i z e  o f  th e  m a ter ia l i s  about th ree  in ch es  in  d iam eter. This cobble  
i s  alm ost e n t ir e ly  o f  M iss is s ip p ia n  san d ston e. In  ex ca v a tio n s  to  th e  
sou th  a gradual decree,sc in  average s iz e  o f the m a ter ia l i s  n o t ic e a b le .
A p i t  a t  th e northern  end o f th e southern  segment once a g a in  shows a 
d e p o s it  o f  cobb ly  ch a ra cter , however.
No c le a r -c u t  ev id en ce o f  t i l l  o v e r ly in g  th e sand and g r a v e l was 
found. On th e contrary  s o i l  d er iv ed  from th e  sand and g r a v e l seemed to  
extend  a l l  th e  way down th e  s lo p e s  to  the l e v e l  o f th e  ground m oraine.
R ip ley  E sker: The R ip ley  e sk e r , which i s  lo c a te d  in  e a ste r n  R ip le y
Township, one and a h a l f  m ile s  west o f  the town o f  Greenwich, . i s  the  
sm a lle s t  o f  th e e sk ers  reco g n ized  in  Huron County. I t  i s  one and th r e e -  
te n th s  m ile s  lon g  and r i s e s  to  a maximum h e ig h t o f e ig h te e n  f e e t .  I t s  
northern end l i e s  w ith in  th e border o f th e  D elph i spur and i t s  southern  
term inus i s  on the ground moraine betw een the spur and the Port Wayne 
m oraine. There are no sand or g r a v e l p i t s  in  th e r id g e , but road c u ts  
show th e ru d e ly  so r ted  ch a ra cter  o f  th e  m a te r ia l.
At th e northern  end o f th e  esk er  and en ech e lo n  to  th e w est th ere  
i s  a p a r a l l e l  l i n e  o f  sm all s c a t te r e d  sand and g r a v e l k n o l l s .  In th e  
in t e r v a l  o f  th e o f f s e t  th ere  i s  an o ld  outwash channel which here con­
ta in s  a sm all sea so n a l tr ib u ta r y  o f  the V erm ilion  R iv er .
E x ten sio n  o f  R ip ley  Esker in  R ichland County
About e ig h t - te n th s  o f  a m ile  so u th  o f the R ip ley  e sk er  th ere  i s  
a  prom inent kame which r i s e s  JO f e e t  above the a lm ost l e v e l  ground mor­
a in e  (P i. XIV, P ig . l ) .  I t  i s  one in  a s e r ie s  o f  kames which forms a 
tenuous co n n ectio n  betw een the R ip ley  esk er  and another sh ort g ra v e l  
r id g e  north  o f  S h ilo h  in  Cass Township, R ichland County. I f  th e kames 
and th e  two g r a v e l r id g e s  are co n sid ered  p a r t  o f one e sk er  ch a in , the  
ch a in  has a t o t a l  le n g th  o f app roxim ately  e ig h t  m ile s .  W ithin th e borders  
o f  Huron County and sou th  to  S h ilo h  t h i s  ch a in  i s  bordered by outwash.
R e la tio n sh ip  o f  th e  R ip le y -S h ilo h  
E sker Chain to  the M oraines
The r e la t io n s h ip  o f t h i s  e sk er  ch a in  to  th e  D elph i and Port Wayne 
m oraines g iv e s  a c lu e  to  th e  r e la t iv e  age o f  th e  two m orain ie b e l t s .
The north ern  p a r t o f  th e  ch a in  l i e s  w ith in  th e borders o f  the D elphi 
Spur; i t s  south ern  end, on th e  n o r th -fa c in g  s lo p e  o f  th e  Port Wayne 
moraine a t th e  e a s te r n  end of the S h ilo h  k n o t. The alignm ent does seem 
to  su g g est th a t  th ey  were formed a lo n g  th e same drainage l i n e ,  a lth ough  
n ot n e c e s s a r i ly  contem poraneously. I f  t h i s  in te r p r e ta t io n  i s  a ccep ted , 
th e  D elph i spur i s  seen  as marking a l o c a l  h a lt  in  the m e ltin g  back of 
th e  ic e  from i t s  Port Wayne p o s i t io n .
T his o r ig in  fo r  th e D elp h i Spur would a ls o  h e lp  to  e x p la in  i t s  
g e n e r a lly  weak developm ent. R eference has a lrea d y  been  made t o  th e
p o s s ib le  in f lu e n c e  o f  th e B erea escarpment in  t h i s  r e s p e c t , hut i t  shou ld  
a ls o  he p o in te d  out th a t  in  th e  ca se  o f a h a l t ,  such as  i s  here e n v is ­
io n ed , th e  m a ter ia l o f  the moraine would a l l  he dumped from th e  moraine 
fr o n t  and no ic e  push or th r u s t ,  such as m ight he ex p ected  from read -
van cing  i c e ,  would be in v o lv ed .
form ation  o f E sk er s: I t  i s  g e n e r a lly  agreed  th a t  e sk ers  are the
d e p o s it s  o f  g l a c i a l  stream s, h u t whether th e se  stream s were s u b g la c ia l ,
e n g la c ia l  or s u p e r g la c ia l has been th e su b jec t o f  some co n tro v ersy . (See 
F l in t ,  19^7, pp» 151-15.5 r e f e r e n c e s .)  I t  i s  q u ite  p o s s ib le  th a t  a l l  
th ree  ty p es  o f  stream s have b u i l t  s t r a t i f i e d  d r i f t  r id g e s , a lth ou gh  the  
w eight o f  ev id en ce  seems to  p o in t  to  stream s o f  s u b g la c ia l  or e n g la c ia l  
p o s i t io n .
I t  would a ls o  seem th a t  e sk ers  are formed near th e fr o n t o f  g la c ie r s .  
Evidence fo r  t h i s  l i e s  in  t h e ir  freq u en t o r ie n ta t io n  rough ly  a t  r ig h t  
a n g le s  to  th e  n ea rest r e c e s s io n a l m oraines. A lso many esk ers  have expan­
s io n s  downstream which rep resen t d e lt a s  formed where th e stream s debouched 
a t  the g la c ie r  f r o n t . I t  i s  to  be ex p ected , furtherm ore, th at p e r s is t e n t  
m il l s  and c r e v a s se s , through which s u b g la c ia l  or e n g la c ia l  stream s are  
f e d , w i l l  be r e s t r ic t e d  to  th e  term in a l p o r tio n s  o f  a c o n tin e n ta l g la c i e r .  
E skers are a ls o  b e lie v e d  to  be in d ic a t iv e  o f  sta g n a n t, o r , a t  the very  
m ost, th in  and s lu g g is h ly  moving i c e .  The argument fo r  t h i s  l a s t  p o in t  
i s  based  on th e s in u o s ity  and ir r e g u la r i t y  o f  e sk er  o u t l in e s  g e n e r a lly ,  
fo r  i t  seems u n l ik e ly  th a t  such forms cou ld  long p e r s i s t  under a c t iv e ly  
moving i c e .
L ocal Evidence fo r  Mode o f  O r ig in ; Some ev id en ce regard in g  the  
mode o f  form ation  of e sk ers  can be d er iv ed  from the d e s c r ip t io n s  o f th e  
Huron County e sk ers  g iv e n  above;
The r e la t io n s h ip  o f the Horwalk esk er  to  the l i n e  o f  co n ta ct b e­
tween the Bedford sh a le  and B erea sandstone i s  an in t e r e s t in g  one. I t  
seems to  be a  case  s im ila r  to  th o se  commented upon b y  W inchell (187^, p .  
2^7) and L ev erett (1902, p , 5^2 ) .  ®hese authors p o in te d  out th e  c o in ­
c id en ce  o f th e p o s i t io n  o f  many (not a l l )  Ohio e sk er s  w ith  u n d erly in g  
bedrock c o n ta c ts , where th ere  i s  a  r e l a t i v e l y  s o f t  rock on one s id e  and 
more r e s is t a n t  beds on th e o th er . Such a r e la t io n s h ip  seems c le a r ly  
in d ic a t iv e  o f bedrock in f lu e n c e  and c e r t a in ly  su g g e sts  th a t  the e sk e r -  
d e p o s it in g  stream  was flo w in g  on or very  c lo s e  to bedrock.
The p resen ce  o f  t i l l  on e sk er  c r e s t s  ha-s= been s e t  fo r th  as ev id en ce  
th a t th e  r id ge-form in g  stream s were s u b g la c ia l ,  o r .a t  l e a s t  e n g la c ia l ,  
fo r  when th e  ic e  arch above th e  stream  c o lla p se d  or m elted  down t i l l  
would be l e t  down on th e  stream  g r a v e ls .  In th e Huron County e sk e r s  i t  
was p o in ted  out th a t q u estio n a b le  sandy t i l l  i s  p r e se n t on the h igh er  
knobs o f  th e Norwdlk e sk er , b u t th a t  n o th in g  which cou ld  be id e n t i f i e d  
as t i l l  was found on th e  H artland e sk e r . The absence o f  t i l l  c e r t a in ly  
does n ot p rec lu d e  a  su b g la c ia l o r ig in , however. I f  f lo w  o f  w ater con­
tin u ed  a f t e r  c o lla p s e  o f  th e ic e  r o o f , or i f  the form ation  of th e esk er  
had been e n t ir e ly  w ith in  an ic e - w a l l  c a n a l, t i l l  f a l l i n g  from th e  ic e  
su r fa ce  would be reworked. (See G old thw ait, L . , 1939, p .  11^)
A ll  o f  th e ev id en ce in  t h i s  a rea  o f  north ern  Ohio seems to  support 
th e  th eo ry  th a t th e  g l a c i a l  i c e ,  a t  th e tim e the e sk ers  and a s so c ia te d  
d e p o s its  were form ed, was sta g n a n t, th in  and honey-combed w ith  c re v a sse s
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and m i l l s .  There i s  th e  ir r e g u la r  o u t l in e  o f  th e  Norwalk esk er  r id g e ,  
th e many kames, the poor developm ent o f  t i l l  m oraines where th ere  are  
esk ers  and kames and th e  p resen ce  o f  l i t t l e  i f  any t i l l  on th e  e sk e r s .
The segm entation  o f  th e esk er  r id g e s  may p o s s ib ly  rep resen t s ta g e s  
in  th e  r e tr e a t  o f  th e  i c e ,  "but ev id en ce f o r  t h i s  in te r p r e ta t io n  was 
found o n ly  in  th e  ca se  o f  th e  H artland e sk e r . Here th ere  i s  th e  grada­
t io n  from co arse  to  f in e  m a ter ia l in  a  downstream d ir e c t io n  w ith in  the  
northern segment and th en  somewhat co a rser  m a te r ia l aga in  w ith in  the  
ad jacen t p a r ts  o f  th e  southern  segm ent. T his su g g e sts  th a t  th e  two 
p o r t io n s  o f  th e r id g e  were developed  during two d i f f e r e n t  season s o f  
m e ltin g ,
KameB
Same h i l l s  are a ls o  ic e  co n ta c t fe a tu r e s  which c o n s is t  la r g e ly  o f  
sand and g r a v e l and, show vary in g  d eg rees  o f  s t r a t i f i c a t i o n .  Hemes, 
however, la c k  th e  l i n e a r i t y  which c h a r a c te r iz e s  e sk e r s . A ccording  
to  F l in t  (19^7, p* 1^7-148) th e  m a ter ia l o f  kame h i l l s  was o r ig in a l ly  
d e p o s ite d  "in or on th e  su rfa ce  o f  stagn an t or n e a r ly  stagn an t ic e  
which la t e r  m elted  away, le a v in g  the accum ulated sed im ents in  th e  form  
o f  i s o la t e d  or s e m i- is o la te d  mounds".
A number of areas of kame h i l ls  have already been mentioned in  
the descriptions of moraines and eskers. These kames may be enumerated 
b riefly  as follows: those of the Defiance moraine spur near the Vermi­
lion  River (p. 39). those at the western end of the Shiloh knot (p. 31) 
and those associated with the esker trends: Norwalk, Hartland and 
Ripley (pp. ^3-^9) • The la tter  includes the kame h i l ls  north of 
Shiloh, in Richland and extreme southern Huron counties.
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V erm ilion  Spur Kames: Under t h i s  heading are grouped the kames
which are p r e se n t a lon g  e i t h e r  s id e  of th e  V erm ilion  R iver  in  a  north­
ward p r o je c t in g  spur o f  th e  D efian ce  m oraine.
The most prom inent o f  th e  kames on the e a s t  s id e  o f  th e v a l l e y  r i s e s  
35 f e e t  above th e  surrounding l e v e l  and i s  lo c a te d  in  so u th ea stern  Hart­
lan d  Township in  th e  an g le  formed by th e  l a s t  Greenwich Town Line Hoad 
and Exchange Road. E xtending southward in  a  sinuou s l in e  from t h i s  k n o ll  
are o th er  h i l l s  which appear to  be composed la r g e ly  o f  sand and. g r a v e l .  
(There were no p i t s  or ex ca v a tio n s  in  any of th ese  h i l l s  a t  the tim e o f  
t h i s  stu d y  and the s ta tem en ts  concern in g  t h e ir  com p osition  are based  
in  most c a se s  on s ix - f o o t  auger b o r in g s , roadcuts and th e  r ep o rts  o f  
fa r m e rs .)  The l in e  co n n ectin g  th e  in d iv id u a l k n o lls  j o in s  th e main trend  
o f  the D efian ce  in  an area  which i s  t r u ly  m orain ie in  topography, but 
w h e y e th e  t i l l  is  sa n d ier  and th e  depth  o f  le a c h in g  somewhat g r ea ter  than  
average fo r  th e D efian ce  b e l t .  (See^Pl.XIX) Uo good continuous c r e s t s  
w ith in  th e  moraine are p r e se n t in  t h i s  a rea .
The p o s i t io n  o f the northernm ost o f  th e se  kame h i l l s  i s  such as to  
su g g est th a t  th e y  may rep resen t th e  same l i n e  o f  drainage as th e  Hart­
lan d  e sk e r , a lth ou gh  th e v a l le y  o f  the V erm ilion  R iver now c u ts  through  
th e  g e n e ra l tren d .
Plymouth Area Kames; R eference has been  made to  a  group o f  kames 
which l i e  a lon g  the w estern  edge o f  th e  S h ilo h  k n o t. Eor convenience  
th e se  kames w i l l  be r e fe r r e d  to  as th e  "Plymouth a rea  kames", th e  name 
b e in g  tak en  from th e  town of Plymouth on th e Richland-H uron county l i n e .  
L ike a l l  o f  th e  o th er  kames which were reco g n ized  in  th e a rea  o f  t h i s
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P I. XIV
P ig .  1 -  R ip ley  kame from outwash channel 
on w e st.
E ig . 2 -  Kame along Base Line Road w est of Plymouth.
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stu d y , th ese  kames, a lth ough  recog n iza b le  as in d iv id u a l h i l l s  (P i .  XTV, 
P ig . 2 ) ,  have a l in e a r  arrangement o fte n  ap p aren tly  r e la te d  to  th e  trend  
o f  an e sk e r . W ithin th e Plymouth kame area no r id g e  w ith  the degree o f  
e lo n g a tio n  n ecessa ry  fo r  an esk er  was id e n t i f i e d ,  but the kames do seem 
to  be l in e d  up along the updip edge o f the Berea sandston e. (See p . 5 1 ) .
Most o f  th e  kames in  t h i s  group are in  R ichland County. There a re , 
however, s e v e r a l p i t s  in  the kames n orth  o f the in t e r s e c t io n  o f  the Base 
Line Hoad (Huron-Richland County l i n e )  and S ta te  Route 598, west o f  
Plymouth. Exposures in  th ese  p i t s  show ra th er  good s t r a t i f i c a t io n  a l ­
though i t  i s  in terru p ted  by sm all f a u l t s  and slum ping.
S h ilo h  Area Kames: I t  has a lrea d y  been  su ggested  th a t t h is  area
o f  sand and g r a v e l h i l l s  i s  r e la te d  to  the R ip ley  esk er  (p . A9). In 
a d d it io n  i t  should be p o in ted  out th a t th ese  washed d e p o s its  mark the  
e a ster n  edge o f  th e S h iloh  kn ot.
S evera l sm all p i t s  near th e in t e r s e c t io n  o f  the Base L ine Road 
and the Old S ta te  Road, show th e  washed and s t r a t i f i e d  nature o f  the  
m a ter ia l in  the h i l lo c k s  (P I. XV).
Outwash
A w e ll marked outwash channel was mapped as extend in g  from the 
fro n t o f  th e  D efiance moraine in  w estern  F i t c h v i l l e  Township, through  
the D elphi Spur in  R ip ley  Township. South o f  th e  spur moraine th ere i s  
some expansion  o f th e ch a n n el, but i t  becomes r e s tr ic t e d  again  as i t  
p a sse s  through th e  S h ilo h  Knot near S h iloh  in  E ichland County. Al­
though no auger b orin gs were made south  o f the town o f  S h ilo h , the
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Kame w ith  o ld  g ra v el p i t  n orth  of S h ilo h .
topography su g g e sts  th a t th e  channel co n tin u es  southward through the  
Wabash m oraine.
At th e  tim e t h i s  stud y  was made th ere  was a sand and g r a v e l o p era tio n  
w ith in  th e channel a t  th e an g le  made by th e  G-reenwich-Milan Townline Eoad 
and th e F a ir f i e ld  A ngling Eoad in  th e  extrem e so u th ea st corn er o f  F a ir ­
f i e l d  Township (P I . XVI). Here fo u r  f e e t  o f  s o i l  o v e r l ie s  a t l e a s t  20 
f e e t  o f  outwash sand and g r a v e l, The chann el nature o f  th e d e p o s it  was 
c le a r ly  shown in  the p i t  fo r  th e  o p era tio n  was l im ite d  on th e northw est  
by a  sharp w edging-out o f  th e so r ted  m a te r ia l in  th a t  d ir e c t io n .
The l in e  o f  meltwa.ter drainage marked by t h i s  outwash i s  c lo s e ly  
a s s o c ia te d  w ith  th e E ip le y  e sk er  c h a in . At i t s  northern  end i t  l i e s  
e a s t  o f  th e  kames, and south  o f  the north  end o f  th e E ip le y  esk er  i t ­
s e l f ,  th e outwash i s  j u s t  w est o f  th e  ch a in  and c o n tin u es  so in to  the  
S h ilo h  Knot (See P i .  I ) .  T his c lo s e  geograp hic  a s s o c ia t io n  r a is e s  the  
q u estio n  as  to  whether the two drainage l i n e s  are g e n e t ic a l ly  r e la te d :
Was a  l in e  o f  drainage f i r s t  e s ta b lis h e d  by a su b g la c ia l  stream  which th en  
in f lu e n c e d  th e lo c a t io n  o f  m eltw ater drainage as the ic e  r e tr e a te d  from 
th e r e g io n , or i s  th e a s s o c ia t io n  m erely fo r tu ito u s ?  I f  th e former i s  the  
c a s e , e sk er  ch a in  and outwash channel b e lo n g  to  th e  same p er io d  o f  ic e  
advance (o r  r e t r e a t ) .  I f  th e  l a t t e r  i s  tr u e , d i f f e r e n t  s u b d iv is io n s .o f  
th e  W isconsin s ta g e  may be r ep resen ted .
An "Early" Cary age i s  p r e t t y  w e ll  e s ta b l is h e d  fo r  the esk er  and 
kames because th e y  l i e  in  an a rea  sou th  o f  th e f in e r  t i l l  which i s  re ­
cogn ized  a s  l a t e  Cary (p . 90 ) .  The outwash channel has i t s  northern  
end a t  th e  sou th  edge o f  th e D efian ce  m oraine, but in  an area  where th e
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.Outwash channel w ith  sand and g r a v e l oper­
a t io n , so u th ea stern  F a i r f i e ld  Township, Huron 
County.
D efian ce  seems to  have overridden  an e a r l i e r  m oraine. The channel may- 
w e ll have c a rr ie d  some m eltw ater when the ic e  stood  a t th e p o s i t io n  of 
th e  D efian ce  m oraine, hut i t  appears th a t the main d ir e c t io n  o f  p ro -  
m orainal drainage during D efiance tim e was to  the w est (p . 36). I t  i s  
b e lie v e d ,  th e r e fo r e , th a t th e outwash channel through th e  D elphi Spur was 
d eveloped  when the ic e  was r e tr e a t in g  from th e  p o s i t io n  i t  had h e ld  when 
th e  R ip le y  e sk er  was b u i l t  and th a t b o th  are o f "Early11 Cary a g e . The 
n orth ern  end o f  the chann el, however, was la t e r  in corp orated  in to  the  
p ro-m orain al drainage o f  the D efian ce  moraine (p . 64 ) .
Pro-m orainal Lake Beds 
Maps o f  Ohio showing th e  o u t l in e s  o f  the la c u s tr in e  p la in  fr e q u e n tly  
show a lo n g  narrow arm connected w ith  th e  sh o r e lin e  o f the h ig h e s t  Maumee 
l e v e l  and exten d in g  eastw ard from F in d la y , Hancock County, to  sou th  o f  
Hew London, Huron County. The in te r p r e ta t io n  o fte n  g iv e n  i s  th a t  the  
sh o r e lin e  o f  Lake Maumee I can be tra ced  in to  southern  Huron County. A 
g la n ce  a t  th e  top ograp hic  maps shows, however, th a t south  o f Hew London, 
a t th e e a s te r n  ex trem ity  o f  t h i s  arm, the lo w est e le v a t io n  i s  approxim ately  
980 f e e t , or 180 f e e t  above th e l e v e l  o f  Maumee I .  The r e p r e se n ta tio n  o f  
t h i s  seem ing embayment can be tra ced  back to  L e v e r e t t1s 1902 monograph 
(P I . X I I I ) .  There the legen d  o f  th e  map e s t a b l is h e s  th a t  what L ev erett  
meant to  in d ic a te  was an o ld  p ro-m orain al v a l le y  or chann el, and th e  
t e x t  i s  very  c le a r  on th e m atter (L e v e r e tt , 1902, pp . 61 0 -6 1 1 ).
"The p o s i t io n  of th e  D efian ce  moraine b e in g  in  la rg e  p a r t  
on th e  s lo p e  toward Lake E r ie , th e  f a c i l i t i e s  fo r  d isch arge  o f  
g l a c i a l  w aters during i t s  p rod u ction  are not l i k e l y  to  have been  
so good as in  th e  p reced in g  m oraines. I t  i s  probable th a t sm all
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la k e s  were formed alon g  th e  south  border o f th e  ic e  w hich found  
d isch a rg e  e i th e r  southward a c ro ss  low  p la c e s  on th e  d iv id e  or 
westward a long th e fro n t o f th e  ic e  sh e e t ."
"From th e V erm ilion R iver westward th ere  was drainage a lon g  
th e  ic e  margin to  Lake Maumee, but th e w ater le a d in g  westward from 
th e V erm ilion drainage b a s in  was ap p aren tly  gath ered  in to  a narrow  
la k e  in  th e  Huron R iver b a s in  near New Haven th a t  d isch arged  p a s t  
A tt ic a  to  another narrow la k e  in  the Sandusky b a s in . The l a t t e r  
d isch arged  westward from Carey t o  Lake Maumee a t F in d la y . The 
l i n e  o f  d isch arge  p a s t  Carey i s  marked by a d e f in i t e  channel 
brought to  n o t ic e  by W in ch ell, The ch a in  o f  la k e s  and con n ectin g  
channels j u s t  o u t lin e d  show a d ecrease  in  a l t i t u d e  in  p a ss in g  
from e a s t  to  w e st. The channel in  th e  V erm ilion  drainage b a s in  i s  
estim a ted  to  have an a l t i t u d e  above 950 f e e t  above t id e  and d e -  
cends about 25 f e e t  to  reach New Haven in  th e  Huron R iver b a s in .
The e x te n s iv e  New Haven Marsh, which ex ten d s westward from th e  
Huron R iver b a s in  near New Haven to  th e  head o f  Honey Creek . . .  
near A t t ic a  stands about 925 f e e t  above t i d e ,  and probably rep­
r e se n ts  n ea r ly  th e  l e v e l  o f  the la k e  in  th e Huron b a s in . There 
was a d escen t o f  about 100 f e e t  a lo n g  Honey Creek from t h i s  la k e  
to  th e  one in  th e  Sandusky b a s i n . . . . "
W illard  Lake
In th e  above ex cerp t m ention i s  made o f  th e la k e  in  th e  Huron 
R iver b a s in . Today one o f the roost e x te n s iv e  p ea t d e p o s its  in  Ohio 
l i e s  w ith in  t h i s  o ld  la k e  bed (P I. XVII) and supp orts truck  gardening  
e n te r p r is e s  from which c e le r y , on ions and s im ila r  garden p rod u cts are 
shipped to  m arkets a l l  over th e  s t a t e .  T his a rea  i s  v a r io u s ly  r e fe r r e d  
to  a s  th e  "New Haven Marsh", "Huron Marsh", "W illard Marsh", " C e le r y v ille  
Muck area" or sim ply , "the Muck". In t h i s  paper th e  name "W illard Marsh" 
w i l l  be u sed  to  d e s ig n a te  th e  p resen t p ea t a rea , b oth  dra ined  and un­
d rained; and "W illard Lake bed'l th e  e n t ir e  b a s in  o f th e o ld  pro-m or­
a in a l la k e  o f  which th e  p eat d e p o s its  cover  on ly  a  r e la t iv e l y  sm all p a r t .
E xtent o f  W illard Lake: In k eep ing  w ith  th e method o f  mapping o th er
fe a tu r e s  th e  lak e bed was d e lin e a te d  on the b a s is  o f  topography (P I. I ) .
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View northward a cro ss  th e  W illa rd  Lake Led to  
the D efian ce  m oraine.
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Hubbard and Rockwood (1942, p . 224) mapped t h is  la k e  area  on th e  b a s is  
o f  s i l t  d is t r ib u t io n ,  so th a t p o r tio n s  o f  what i s  here c a l le d  end mor­
a in e  are con sid ered  by them as p a r t o f  a  90“square m ile  la k e  bed . Ac­
cord ing  to  th e se  authors s i l t s  are found a t e le v a t io n s  o f 980 to  985 o& 
th e  sou th  shore o f  W illard  Lake, b u t are approxim ately  10 f e e t  low er  
a lon g  the north ern  boundary on the D efian ce  m oraine. T his i s  in t e r ­
p re ted  to  mean th a t  a t th e tim e o f  th e  980- fo o t  w ater l e v e l  the lak e  
w ater lapped  d ir e c t ly  a g a in s t  ic e  on the n orth .
I f  th e  d is t r ib u t io n  o f  s i l t s  i s  a s  rep orted  by Hubbard and Rock- 
wood, I was unable to  corrob orate  i t .  A ll  o f  the s o i l s  p r e se n t a lo n g  th e  
D efian ce moraine here are developed  in  t i l l  and I cou ld  not d is t in g u is h  
the p resen ce  o f  la c u s tr in e  s i l t s  in  th e p r o f i l e .  I t  i s  tru e (&ee p . 93 )  
th a t th e  t i l l  o f  the D efian ce  b e l t  w est o f the Huron R iver  (E ast Branch) 
i s  s i l t i e r  than th a t o f  th e e a ste r n  p art o f the cou n ty , but t h i s  d i f ­
feren ce  i s  here in te r p r e te d  to  be the r e s u lt  o f  bedrock source m a te r ia ls .
In  th e  summer o f  1951 a mastodon was unearthed during th e  deep­
en ing  o f  a drainage d it c h  on the farm o f  J* R. S to ck ley  on the Fort 
B a ll  Road j u s t  e a s t  o f  th e B altim ore and Ohio R a ilro a d . The s i t e  o f  
b u r ia l  i s  to p o g r a p h ic a lly  a k e t t l e  h o le  near th e fr o n t o f  the m oraine, 
a lth ou gh  on th e  b a s is  o f  Hubbard*s 9 7 0 -fo o t  f ig u r e  fo r  la k e  l e v e l  th e  
lo c a t io n  would be w ith in  the borders o f th e  la k e  b ed .
At th e  p re se n t tim e th e area  covered  by th e  p e a t  o f  th e W illard  
Marsh i s  approxim ately  12 square m ile s .  When s e t t l e r s  f i r s t  came in to  
th e a rea  i t  was la r g e r  by s e v e r a l thousand a c r e s , but has s in c e  been  
reduced by bu rn ing.
L a cu str in e  Sed im en ts; Dachnoweki (1 9 1 2 , p . 8 3 ) rep o rts  a  th ic k -
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n e ss  o f  approxim ately  17 f e e t  o f  p ea t in  th e c en te r  o f  th e marsh, south­
w est o f  C e le r y v i l le .  U sing a  s ix - f o o t  auger th e p ea t cou ld  he p assed  
through co m p lete ly  o n ly  a lon g  the edges o f  the marsh. S evera l s e c t io n s  
th e r e , however, showed one or two f e e t  o f  s i l t y  c la y  below  the p e a t ,  
which in  tu rn  was u n d erla in  by w e ll  lam inated  m a te r ia l.
The southw est corner o f  the marsh i s  bordered by e x te n s iv e  d e p o s it s  
o f  sand and g r a v e l .  These are not to  be confu sed  w ith  b each es, a lth ou gh  
th e lak e w ater undoubtedly reworked some of th e  m a te r ia l. These are 
th e kames which have p r e v io u s ly  been r e fe r r e d  to  under the d is c u s s io n  
o f  the Plymouth area kames (p . 53)*
P resen t D ra in age: The d iv id e  betw een th e  Sandusky and Huron R iver
b a s in s  l i e s  w ith in  th e  W illard  Marsh. Honey Creek, a tr ib u ta r y  o f the  
Sandusky R iv er , d ra in s about tw o -th ir d s  o f  th e  p re se n t marsh, w h ile  th e  
e a ster n  p o r t io n  i s  drained  by Marsh Run in  th e  Huron R iver b a s in . Man- 
made drainage d itc h e s  have perhaps s h if t e d  the o r ig in a l  d iv id e  somewhat 
so th a t Honey Creek g e t s  more o f th e  w aters than i t  o r ig in a l ly  d id .
New London Lake
In a d d it io n  to  th e e a s i l y  reco g n iza b le  pro-m oraine W illard  Lake 
b ed , ev id en ce was found fo r  a sm a ller  and s h o r te r - l iv e d  la k e  in  th e  
V erm ilion v a l le y  betw een P i t c h v i l l e  and Hew London a t th e e a ste r n  end 
o f  th e pro-m oraine. channel d escr ib ed  by L ev erett (1902, .pp. 6 1 0 -6 1 1 ).
M. C. Read (1878 , p . 298) had noted  the lak e  b e d - lik e  nature o f  th e  area  
in  h is  rep ort on th e geo lo g y  o f  Huron County. The ra th er  prom inent fro n t  
o f  the D efian ce  moraine in  t h i s  s e c to r  has a lrea d y  been d escr ib ed  (p . 36 ) .  
I t s  prominence here i s  due in  g rea t p a r t to  th e  co n tra st between the
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moraine topography and the l e v e l  la k e  bed to  th e  sou th  (P I . X I),
Auger h o le s  and stream  c u ts  w ith in  th e a rea  here c a l le d  "Few 
London Lake bed" showed no c le a r ly  lam inated  s i l t s  or c la y s ,  b u t the  
s o i l s  are d eveloped  in  m a ter ia l w hich may e i th e r  be in te r p r e te d  as a 
s i l t y  c la y  t i l l  w ith  on ly  rare p eb b les  or a s  a  s i l t y  lak e c la y . S in ce  
th e  s i l t  co n ten t i s  co n s id era b ly  h ig h er  th an  th a t  o f  any undoubted t i l l  
in  the immediate neighborhood and the a l t i t u d e  to  which th e s i l t y  s o i l s  
extend i s  ra th er  co n sta n t a t  990 to  995 f e e t ,  th e l a t t e r  in te r p r e ta t io n
t
i s  supported . No p ea t was found w ith in  t h i s  la c u s tr in e  bed , however.
What i s  b e lie v e d  to  be th e  f i r s t  o u t le t  fo r  t h i s  la k e  i s  to  be 
found a lon g  th e north icentral edge o f  th e  Greenw&efoh Township a t an e l e ­
v a tio n  o f  990 f e e t .  Prom t h i s  p o in t  th e  drainage seems to  have been  
n orth  around the D elph i spur and then  southw est to  W illard  Lake. When 
th e  ic e  r e tr e a te d  from the p o s i t io n  o f  the D efian ce  moraine a low er out­
l e t  toward the north  was found, th e  p o s t - g l a c ia l  V erm ilion  R iver came 
in to  b e in g , and the la k e  was dra in ed .
la b o r  School Lake
Only b r i e f  m ention w i l l  be made o f t h i s  la k e  bed as i t  l i e s  e n t ir e ly  
o u ts id e  th e  borders o f  Huron County, betw een th e  New Washington and Port 
Wayne m oraines (P I ,,X , P ig . 2 ) .  The area  o f  t h is  la k e  has been mapped 
by Hubbard and Rockwood (1942, p .  2 4 7 ) , and Dachnowski rep o rts  th a t th e  
p ea t d e p o s its  here once covered 2 ,0 0 0  a c r e s , which are now co m p lete ly  
drained  and la r g e ly  under c u l t iv a t io n  (Dachnowski, 1912, p . 4 6 ) .
The lak e sed im ents observed in  auger h o le a  and stream  c u ts  here are  
c le a r ly  lam in ated . The s e c t io n  seen  in  a stream  cut o n e -h a lf  m ile  sou th
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o f  the Hew Washington moraine fr o n t near S ta te  Haute 39 showed 18 
in ch es  o f  t i l l  above four f e e t  o f  lam inated  la k e  sed im en ts, in d ic a t in g  
a readvance o f  the i c e  a f t e r  th e  la k e  had e x is t e d  fo r  some tim e.
ERRATIC BOULDERS
The r e la t iv e  d is t r ib u t io n  o f  bou lder-si*ad  m a ter ia l in  the two 
c o u n tie s  o f  t h i s  rep ort and p a r ts  o f  ad ja cen t c o u n tie s  i s  shown on 
P la te  X 7III. Some o f the la r g e r  c o n cen tra tio n s  are obvious in  the  
f i e l d ,  fo r  exam ple, the la r g e r  number o f  b ou ld ers a lon g  th e  southern  
fa c e  o f  th e  Wabash m orain ic b e l t  in  R ichland and e a ste r n  Crawford 
c o u n tie s  can h a rd ly  go u n n oticed  by anyone who d r iv e s  a long the roads 
h ere . The accum ulation  near Rome, R ich land  County, i s  o f  p a r t ic u la r  
in t e r e s t  fo r  t h i s  i s  th e area  o f  th e t i l l i t e  and varved s la t e  e r r a t ic s  
upon which Dr. White (1939) has rep orted .
The c o n cen tra tio n  o f  bou lders on th e  su rfa ce  a lon g  th e  fr o n t  o f  
th e  D efian ce  b e l t  between th e  Huron and Y erm ilion  r iv e r s  was not r ec ­
ogn ized  u n t i l  th e  r e s u l t s  o f  th e  count were p lo t t e d .  I b e l ie v e  th a t  
in  t h i s  area  th ey  o f f e r  ev id en ce th a t the la t e  Cary t i l l  here was sub­
je c te d  to  more than u su a l washing by g l a c io - f l u v ia l  w a ters . (See p .90b e lo w .)
The accum ula.tions on th e  lak e p la in  are o b v io u sly  r e s id u a l accumu­
la t io n s  l e f t  a f t e r  the f in e r  m a te r ia ls  had been washed away by wave 
a c t io n , and th ey  thus mark th e  areas which were s tr o n g ly  a f f e c te d  by  
wave e r o s io n  a t  various lak e  s ta g e s .  (See p . ld o b e lo w .)
Hone o f  th e  b ou ld ers observed in  E r ie  County were n o ta b le  fo r  s i z e ,  
but one stand s out in  t h i s  r e sp e c t among th o se  seen  in  Huron County, I t  
i s  lo c a te d  on th e D efian ce  moraine a lon g  the w est s id e  o f  Chenango Road,
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P I. XVIII
Boulder d is t r ib u t io n . Map showing r e la t iv e  co n cen tra tio n  of 
g la c ia l  "boulders.
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between. S ta te  Route 162 and Sown Line fioad (Euron-Ashland county l i n e ) .  
The s iz e  o f  t h is  bou lder was estim ated  a t about 100 cub ic f e e t  and i t s  
w eight at approxim ately e ig h t  to n s .
STRIAE
Severa l measurements o f  s tr ia e  were made during the f i e l d  work 
fo r  t h is  r ep o r t , but the d ir e c t io n s  o f  ic e  movement in d ica ted  by them 
add noth ing to  th a t known from e a r l i e r  rep orts  (See Chamberlin, I 8 8 3 , 
P I, XXXI). The fo llo w in g  i s  a ta b u la tio n  o f b earin gs recorded in  the  
l i t e r a t u r e  fo r  t h i s  p a rt o f  Ohio w ith  the a d d itio n  o f  sev e r a l new ones:
TABLE I I I
B earings on S tr ia e  in  North C entral Ohio
L ocation  > B earines Source Remarks
West Amherst,, Lorain Co. S. 30 w. L everett
H e n r ie tta , Lorain Co. S. 20-25 w. L ev erett
Birmingham (2 m iles  south
o f  -  on L oraine-E rie countyS. 19 w. &
l i n e ) . s . 7 7  w. L everett
Townsend Twp., Baron Co. S. 45 w. Read
Sandusky, E rie  Co. S. 7 5 - 3 1 w. Newberry
Sandusky (quarry south  o f S. 6 7 - 8 0 w. Campbell s .  70-7^
S o ld ie r s '  Home), E rie Co. dominant
C a sta lia  (sou th  o f B ogart- s . 65-87 W. Campbell s .  70 W.
Maple Ave. in t e r s e c t io n ) , the
E rie  Co. s tr o n g e st
C a sta lia  (abandoned quarry S. 67-82 w. Campbell s .  67-70 W,
south  o f S .R .1 2 ) , E rie  Co. dominant
B e lle v u e , Sandusky Co. S. 65 w. G ilb ert
E la t Rock, Seneca Co. s . 5 5  w. Campbell
R epublic (4  m iles  e a s t  o f-) ,
Seneca Co. s . 25 w. G ilb ert
These lo c a t io n s  are not c lo s e ly  enough spaced to  in d ic a te  whether 
the Berea escarpment in  E rie  County o ffer ed  s ig n i f ic a n t  p r o te c t io n  fo r  
th e area  im m ediately to  th e south . The g en era l p ic tu r e ,  however, i s  
th a t in  th e l a s t  s ta g e s  o f  g la c ia t io n ,  a t l e a s t ,  the i c e ,  once p a st the  
edge o f the Berea outcrop , here turned southward in t o  the S c io to  lo b e .
CHARACTERISTICS AND CORRELATIONS OF TILL SHEETS 
IN NORTH CENTRAL OHIO
DIVISION OF THE PLEISTOCENE EPOCH
The expansion  or co n tr a c tio n  o f an ic e  sh eet i s  in  no sense a 
continuous movement, i . e . , i t  does not expand co n tin u o u sly  u n t i l  the  
maximum e x ten t i s  reached and then co n tra c t s t e a d i ly  to  a r e la t iv e l y  
sm all n u cleu s. Rather the ic e  fr o n t o s c i l l a t e s  hack and fo r th , r e ­
tr e a t in g  a t one tim e and then  advancing to  cover an alm ost eq u a l, 
g r ea ter  or sm aller  area . This o s c i l l a t io n  may he in  terras o f  a few  
hundred f e e t  and he r e s t r ic te d  to  a few m iles  a lon g  the ic e  fr o n t ,  
or i t  may he in  terms o f hundreds o f  m iles  a lon g  th e  whole edge or 
a wide se c to r  o f i t .
The p er io d s  o f ic e  r e tr e a t  serve to  d iv id e  th e P le is to c e n e  epoch 
in to  s ta g e s  and su h sta g es. In  the in te r v a ls  between th e s ta g e s  i t  
seems l i k e l y  th a t the c o n tin e n ta l ic e  sh eet may have disappeared en­
t i r e l y  or have shrunk to  sm all and is o la t e d  ic e  cap s. - The r e tr e a ts  
which serve to  d iv id e  the s ta g e s  in to  su h stages are harder to  d e fin e ;  
th ey  are prohahly measurable in  hundreds o f m ile s ,  however,
W ithin th e  g la c ia te d  areas ev id en ce fo r  the advances l i e s  in  the
d e p o s its  o f  th e ic e  sh e e ts ;  fo r  the r e t r e a t s ,  in  f o r e s t  beds, bu ried
p r o f i l e s  o f  w eathering e t c .  At th e p resen t time d e ta i le d  s tu d ie s  of
th ese  d e p o s its  in  some areas are making i t  p o s s ib le  to  recogn ize  
fu rth er  su b d iv is io n s  w ith in  th e su b d iv is io n s . Such d e t a i l  i s  lim ite d  
to  the W isconsin s ta g e , fo r  in  the e a r l ie r  d iv is io n s  ev idence has been  
obscured by tim e as w e ll as o v er ly in g  d e p o s it s .  In  t h is  l a s t  s ta g e ,
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however, i t  i s  p o s s ib le  to  speak o f  " la t e ” Cary, "early" Mankato, e t c .  
The amount o f  ic e  r e tr e a t  in v o lv ed  betw een th ese  d iv is io n s  i s  appar­
e n t ly  q u ite  v a r ia b le . In some ca se s  i t  may be on th e  order o f a hun­
dred m ile s ;  in  o th e r s , such a s  th a t which preceded th e  la t e  Cary ad­
vance here in  Ohio, i t  appears t o  have been a m atter o f  se v e r a l hun­
dreds o f  m ile s , or as much as sep a ra tes  the Mankato from the Cary 
su b sta g e .
Of co u rse , in  d e f in in g  the tim e u n it s  o f  the P le is to c e n e  fa c to r s  
oth er than the amount o f r e tr e a t  in  a lo c a l  area  must be co n sid ered . 
The tim e in v o lv ed  i s  im portant as i s  a ls o  whether or not th e  e n t ir e  
ic e  fro n t was a f fe c te d  or o n ly  a sm all p o r tio n  o f  i t .  I t  i s  p o s s i ­
b le ,  n o n e th e le s s , th a t  w ith  th e continued  growth o f  knowledge i t  may 
be n ecessa ry  to  reev a lu a te  th e c a te g o r ic a l  l e v e l s  to  which the v ar iou s  
d iv is io n s  are a ss ig n ed .
AGE OP THE PLEISTOCEHE DEPOSITS OP OHIO
On th e b a s is  o f  ev idence p re se n t w ith in  the s ta te , d e p o s its  o f  
a t l e a s t  two s t a d ia l  advances o f  the ic e  are recogn ized  in  Ohio. 
Whether or not a  p r e - I l l in o ia n  advance i s  rep resen ted  has been the  
su b jec t fo r  some debate (S tou t e t  a l ,  19^3» P* 23 and 1953; W hite,
19h2 and 1951> P» 9 7 6 ), but the p resen ce  o f  d e p o s its  o f  both  I l l in o ia n  
and W isconsin age i s  w e ll  e s ta b lis h e d . The W isconsin d e p o s it s ,  b ein g  
th e  most r e c e n t , have masked much o f  the e a r l i e r  d r i f t , a lthough be­
yond t h e ir  ou ter  l im it s  th ere  are areas where th e I l l in o ia n  (and p r e -  
I l l in o ia n  ?) d r i f t  i s  p resen t a t  the su r fa c e .
W ithin the W isconsin sta g e  in  th e midwest a  s e r ie s  o f  su b stages  
i s  id e n t i f i e d ,  each m arking-an advance a f t e r  a ra th er  e x te n s iv e  re­
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t r e a t .  In  c h r o n o lo g ic a l order from the e a r l i e s t  to  the most recen t  
th e se  are. Earmdale, Iowan, la z e  w e l l ,  Cary and Mankato. T azew ell and 
Cary d r i f t s  have lo n g  "been reco gn ized  in  Ohio and r e c e n t ly  George 
White (1953 , P» 366) has id e n t i f i e d  a p re-T a zew ell lo e s s  in  the C leve­
land  area  as Parmdale ( ? ) .  The Iowan has not been reco g n ized  e a s t  o f  
th e  M is s is s ip p i E iver  and th e  Mankato readvance d id  not rea ch  as fa r  
sou th  a s  Ohio.
E rie  and Huron c o u n tie s  are north  o f  th e W isconsin  boundary and 
a t  th e o u tse t  o f  t h i s  stu d y  i t  was f e l t  th a t in  a l l  p r o b a b il ity  the 
g l a c i a l  d e p o s it s  ezposed  would rep resen t the Cary or T azew ell sub­
s ta g e s  o f  the W iscon sin . Ihrtherm ore, i f  George W hite's c o r r e la t io n  
o f  a  d is t in g u is h a b le  l a t e  Cary t i l l  w ith  the readvance to the D efiance  
moraine was c o r r e c t ,  i t  was reason ab le  to  ex p ect th a t  th e  two Cary 
t i l l s ,  reco g n ized  in  n o r th ea stern  O hio, cou ld  be d i f f e r e n t ia t e d  h ere .
DimiEEKSTIATION OP TILL SHEETS
Perhaps th e  b e s t  b a s is  fo r  d is t in g u is h in g  d if f e r e n t  t i l l  sh e e ts  
i s  to  have a f o s s i l  or b u ried  s o i l  in  a  m u ltip le  t i l l  s e c t io n . Un­
fo r tu n a te ly  no b u ried  zones o f  su b a e r ia l w eathering were found. The 
t e s t s  w hich were a p p lie d , and which gave g e n e r a lly  s a t i s f a c t o r y  r e s u l t s ,  
in  d i f f e r e n t ia t in g  t i l l  sh e e ts  in  th e  absence o f  such a  zone can be 
co n sid ered  under th ree  major h ead in gs: d egree o f  chem ical w eathering
( e s p e c ia l ly  le a c h in g  o f  c a rb o n a te s ) , te x tu r e  and l i t h o lo g y .
Chemical Weathering as a Criterion 
Leighton and MacClintock (1930) Studied the effects  of chemical 
weathering on t i l l  sheets of various ages in I ll in o is . They recognized
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th e  r e s u l t s  o f  the chem ical p r o c e sse s  o f  o x id a t io n , h y d ra tio n , le a c h in g  
o f  carb onates and decom position  o f  s i l i c a t e s  as b e in g  r e f le c t e d  in  
th a t  which th ey  termed a  " p r o file  o f  w eathering" . T his p r o f i l e  o f  
w eathering i s  based  on the same concept a s  the s o i l  p r o f i l e  which was 
o r ig in a te d  by K. D. G linka, th e  R ussian  p e d o lo g is t ,  and fu r th e r  de­
velop ed  in  t h i s  country  by C. F . Marbut, but i t  d i f f e r s  in  number and 
d e f in i t io n  o f  h o r iz o n s . The b a s ic  con cep t, s ta te d  in  v ery  g en era l term s, 
i s  th a t a s o i l  -  or a w eathered g l a c i a l  t i l l  -  i s  a body whose s in g u la r  
c h a r a c t e r is t ic s  are determ ined by a com bination o f  f a c t o r s .  The e f f e c t s  
o f  th e se  combined fa c to r s  are r e f le c t e d  in  a v e r t i c a l  s e c t io n  o f  re ­
co g n iza b le  h o r izon s (a  p r o f i l e ) ,  and i f  th e im portance o f  any elem ent 
v a r ie s  from l o c a l i t y  t o  l o c a l i t y ,  the p r o f i l e s  developed  w i l l  be 
d i f f e r e n t .
F actors Which C ontrol Chemical W eathering
The fa c to r s  concerned in  the developm ent o f  a  p r o f i l e  o f  w eathering
are g iv e n  below . The l i s t  i s  based on an enum eration by L eighton  and
M acClintock (1930, p . 3 8 ) .
F a cto rs  in v o lv ed  in  th e  developm ent 
o f  the p r o f i l e  o f  w eathering
1 . Length o f  f r o s t  fr e e  season
2 . Amount o f  r a in f a l l
3 . Temperature o f  water  
k.  Kind o f  v e g e ta t io n
5 . Amount o f  carbon d io x id e  and o th er  a c id  making 
su b stan ces which w ater o b ta in s  from th e  a ir  and.humus.
6. Amount o f  oxygen l o s t  by w ater in  p a ss in g  through  
humus and oth er d e o x id iz in g  m a te r ia l.
7 . Kind and amount o f  s o i l  b a c te r ia  p r e se n t .
8 . Topographic p o s i t io n  in  which s o i l  p r o f i l e  has developed
9 . Chemical com p osition  o f  m a ter ia l ( e s p e c ia l ly  w ith  re ­
gard to  fr e e  ca rb o n a te s).
1 0 . Rate o f  downward p assage  o f w ater
1 1 . Degree o f  comminution o f  m a ter ia l
1 2 . Length o f  tim e during which p r o c e ss  o f  w eathering hase 
been a c t iv e .
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With, t h i s  ra th er  lon g  l i s t  o f  fa c to r s  concerned i f  th e  p r o f i l e s  
o f  w eathering are to  be used  fo r  com parative p u rp oses, i t  i s  n ecessa ry  
to  c o n tr o l some o f  them or to  assume th a t th ey  are con stan t fo r  o th er  
reaso n s.
F actors 1 through 7 can be grouped to g e th er  under the g en era l 
heading o f  c lim ate  and v e g e ta tio n  and fo r  a lo c a l  area  such as the 
two c o u n ties  o f  t h is  report can be con sid ered  co n sta n t, and th e r e fo r e ,  
ignored . F actor 8 i s  e a s i l y  c o n tr o lle d  by choosing  the same topographic  
p o s it io n  fo r  a l l  measuring and sam pling. In t h is  study the p o s it io n  
chosen was a w e ll  drained one, on or near the top o f  a r i s e .
Most o f  th e t i l l  o f  B rie  and Huron c o u n tie s  can be c l a s s i f i e d  
as low lim e t i l l .  In northw estern Huron County th ere  i s  some moder­
a te  lim e t i l l  where th e u n d erly in g  bedrock i s  Devonian lim esto n e , but 
in  comparing the r e la t iv e ly  sm all area  w ith  the r e s t  o f  the t i l l  p la in s  
no d if fe r e n c e  in  the depth o f  lea ch in g  a ss ig n a b le  to  the h igh er o r ig ­
in a l  lim e con ten t was n oted . Ihe t i l l  i s  thus a l l  ca lca reo u s and fo r  
th e purposes o f  th is  study fa c to r  9 can be regarded as co n sta n t.
F actors 10 and 11 r e la t e  to  the p erm ea b ility  o f  the t i l l  to  
p e r c o la t in g  w aters and the amount o f  p a r t ic le  su rface  exposed to  the  
a c t io n  o f the aqueous s o lu t io n s . Factor 10 i s  dependent to  a  la rg e  
degree upon the tex tu re  o f  the t i l l  and fa c to r  11 i s  e n t ir e ly  te x tu r a l .  
Although ca u tio n  was taken to  avoid  lo c a l  areas where the t i l l  may have 
been washed by m elt w ater, t i l l  tex tu re  v a r ia t io n  was recogn ized  in  
the course o f  the f i e l d  work and la t e r  supported by m echanical a n a ly s is  
o f  t i l l  sam ples.
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That t h i s  t e x tu r a l  v a r ia t io n  does a f f e c t  the w eathering  
p r o f i l e  i s  su g g ested  in  Table I ? . Here th e g r e a te r  depths o f le a c h in g  
a r e , w ith  hut few  e x c e p t io n s , a s s o c ia te d  w ith  th e t i l l s  whose p a r t ic le  
s i z e  a n a ly se s  p la c e d  them in  th e  sa n d ier  t i l l  group which George White 
has id e n t i f i e d  as E arly  Cary. Furtherm ore, when th e  lo c a t io n s  o f  
over 200 measured depths to  u n leach ed  m a ter ia l are p lo t t e d  on a  map 
(P I . XIX) i t  can be  ^ seen  th a t th e d is t r ib u t io n  o f th e  deeper p r o f i l e s  
g e n e r a lly  c o in c id e s  w ith  th e a rea  o f  co a rse r  te x tu r e s  d e f in i t e ly  
e s ta b lis h e d  by m echanical a n a ly s is  o f  t i l l  sam ples (P I. XXII).
The q u estio n  then  a r i s e s ,  o f  c o u r se , as to  whether th e  in ­
f lu en ce  o f  the te x tu r a l  v a r ia t io n s  n eg a tes  the u se  o f  the w eathering  
p r o f i l e  a s  an in d ex  o f  r e la t iv e  age (F actor 1 2 ) . On the b a s is  o f  
f i e l d  ev id en ce i t  was in d ep en d en tly  shown th a t the two d e f i n i t e l y  
e s ta b lis h e d  te x tu r a l  groups were th e  product o f  two d i f f e r e n t  ic e  
advances (p . 8 2 ) so we can assume th a t  a lth ou gh  th e co a rser  tex tu re  
does p la y  an im portant p a r t in  th e  developm ent o f  th e deeper p r o f i l e s ,  
a somewhat g r e a te r  age i s  a ls o  r e f l e c t e d .  Whatever th e r e la t iv e  
im portance o f  age and te x tu r e , • however, th e p r o f i l e  o f  w eathering i s  
a  v a lu a b le  a id  in  determ in in g d if f e r e n t  t i l l  sh e e ts  in  th e area  o f  
t h i s  s tu d y .
The P r o f i l e  o f  W eathering
The p r o f i l e  o f  w eathering or s o i l  p r o f i l e  i s  l i k e  a g e o lo g ic a l  
s e c t io n  in  th a t i t  c o n s is t s  o f  h o r iz o n ta l zones or h o r izo n s arranged  
in  a  v e r t i c a l  seq uence. These h o r iz o n s , however, have developed  in
?k
respon se to  th e  fa c to r s  which c o n tr o l w eathering (s e e  ah o v e), and be­
cause w eathering  i s  a dynamic p r o c ess  th e  h o r izo n s are n o t s t a t i c .
The id ea  o f  t h i s  p r o f i l e  i s  a  u s e f u l  one to  th e g e o lo g is t  as w e ll  
as th e p e d o lo g is t ,  a lth ou gh  in  a  sen se  th e  p o in ts  o f  v iew  o f the two 
s c i e n t i s t s  are d ia m e tr ic a lly  opposed; th e g e o lo g is t  i s  apt to  see  i t  
as r ep resen tin g  the breakdown o f  th e  rock and m in eral m a ter ia l w ith  
which he works, w h ile  the p e d o lo g is t  s e e s  i t  as an a l t e r a t io n  which  
develops; th e s o i l s  w ith  which he i s  concerned.
The e s ta b lis h e d  h o r izon s o f th e  p e d o lo g is t ' s  s o i l  p r o f i l e ,  A, B,
C & D and th e su b -h o r izo n s, are w e ll d e fin ed  and o f  g en era l va lu e  in  
u n derstan d ing  th e  p h y s ic a l  and chem ical changes which take p la c e  in  a  
body o f  u n co n so lid a ted  rock and m in era l m atter as i t  d ev e lo p s , in  re ­
sponse to  environm ental c o n d it io n s , in to  a  s o i l .  Because th e l im i t s  
o f  th ese  h o r izon s are so w e ll e s t a b lis h e d , however, some d i f f i c u l t i e s  
a r is e  in  u s in g  them fo r  g e o lo g ic a l  f i e l d  in v e s t ig a t io n s .  One i s  th a t  
d e lin e a t in g  the- h or izon s accord in g  to  th e c r i t e r i a  s e t  up sometimes 
req u ires  la b o ra to ry  t e s t s .  T his i s  not to o  se r io u s  an o b je c t io n ,  
however, as th e p r a c t ic e  o f  s e t t in g  ta r ia tiv e  l im it s  in  th e f i e l d ,  as 
th e  s o i l s  men do, can be fo llo w e d . Another o b je c t io n  o f  p a r t ic u la r  im­
p ortan ce to  th e  g la c ia l  g e o lo g is t  i s  th a t in  th e d e s ig n a tio n  o f  h o r i­
zon s, A through D, th ere  i s  no room fo r  u n a lte re d  t i l l  -  u n o x id ized  
and u n leach ed . Again here in  the m idw est, a t l e a s t ,  the g la c ia l  
g e o lo g is t  i s  p a r t ic u la r ly  in te r e s te d  in  th e depth  o f  carbonate  
le a ch in g  and t h i s  depth does n ot f i t  the l im i t s  o f  any one h o r izo n .
The w eathering p r o f i l e  o f  L eighton  and M acOlintock (193<J m eets 
a l l  o f  th ese  o b je c t io n s , but i t s  d e t a i l s  o f  h or izon  d e f in i t io n  do not
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e n t ir e ly  f i t  th e  t i l l s  o f  Ohio (R. P. G old th w ait, p er so n a l com m unication). 
3Por t h is  stu d y , th e r e fo r e , a  p r o f i l e  m od ified  and s im p li f ie d  from th a t  
o f  th e s o i l s  s c i e n t i s t  has been  u sed . The fo llo w in g  ta b le  g iv e s  the  
h o r izon s recogn ized  and the c r i t e r i a  u sed  fo r  s e t t in g  t h e ir  l im i t s :
H orizon A - — t o p s o i l ;  r e la t iv e l y  h igh  in  ft&ganic m atter; 
dark brown or b la ck  c o lo r .
H orizon B ----- g e n e r a lly  c la y ie r  in  te x tu re  than the
h o r izon s above or below ; y e llo w  or y e llo w  
brown c o lo r ;  lea ch ed  o f carb o n a tes .
H orizon C ----- co n ta in s  f r e e  ca rb o n a tes , o x id iz e d .
H orizon D —  u n a lte re d  t i l l .
The Hse o f  th e P r o f i le  o f  W eathering in  T his Study
The boundary betw een h o r izo n s A and B was determ ined on the b a s is  
o f  a  change in  te x tu re  and c o lo r .  The th ick n e ss  o f  t h i s  f i r s t  h o r i­
zon was used  as an in d ex  o f  whether or not th e p r o f i l e  had been trun­
ca ted  b y  e r o s io n . A normal th ic k n e ss  fo r  t h i s  zone in  th e  t i l l s  and 
fo r  th e topograp hic p o s i t io n  used  v a r ied  from e ig h t  to  tw elve  in c h e s .
The depth  to  the B-C boundary, or th e depth o f  carbonate le a c h in g , was 
recorded fo r  a l l  auger h o le s  and measured s e c t io n s .  (See b e lo w )) The 
depth to  u n a ltered  t i l l  was o f  l e s s  v a lu e  because o f th e depth  lim ita^- 
t io n s  imposed by a  s ix - f o o t  auger. In  th e t i l l s  of th e T i l l  P la in s  and 
th e  Low P la tea u  s e c t io n s  u n o x id ized  t i l l  was below  s i x  f e e t ,  a lth ou gh  
in  th e  la c u s tr in e  p la in  i t  was o f te n  w ith in  s i x  f e e t .
D eterm in ation  o f  Depth o f  L each in g: The depth  to  u n leach ed  t i l l
was recorded f o r  a l l  auger h o le s  and s e c t io n s .  A te n  p ercen t s o lu t io n  
o f  h y d ro ch lo r ic  a c id  was u sed  in  making the d eterm in ation s and th e  
depth  recorded  was th a t a t  which th e  t i l l  showed a stron g  e f fe r v e s c in g  
r e a c t io n .
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P I . XIX
r ' j i i .  „2"l*
^L ocations o f s e c t io n s  w ith  recorded  depths o f  carbonate le a c h in g .
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Observed Depths o f Carbonate Leaching t Ihe lo c a t io n s  o f  23O 
measured p r o f i l e s  are shown on P la te  XIX along  w ith  the observed  
depths o f le a ch in g  fo r  each lo c a t io n . She depths range from 20 in ch es  
to  59 in c h e s , and when the number o f  p r o f i l e s  w ith  equal depths to  
unleached  t i l l  i s  p lo t te d  a g a in st th e  v a r io u s  depths the d is tr ib u t io n  
diagram shown in  P la te  XXIV r e s u l t s .  J h is  diagram shows q u ite  c le a r ly  
th a t th ere  i s  no w e ll d e fin ed  break in  th e  sequence o f d ep th s. The 
d is c u s s io n  o f  t h i s  m atter w i l l ,  however, be delayed  u n t i l  a f t e r  an 
exam ination  o f  th e u se  o f  te x tu r a l c r i t e r i a  fo r  t i l l  sh eet d i f f e r ­
e n t ia t io n .
J i l l  Jextu re  as a  C r ite r io n  
She te x tu re  o f  a sedim entary rock , th e ca teg o ry  to  w hich, in  the  
broad se n se , t i l l  b e lo n g s , i s  d e fin ed  by P e tt ijo h n  (19^9, p . 8 )  a s  "the 
s i z e ,  Bhape and arrangement o f  the component p a r t s 11. In t h i s  paper, 
however, th e term i s  r e s t r ic t e d  to  th e  f i r s t  o f  th ese  -  the s iz e  o f  the  
component p a r ts  -  although i t  i s  recogn ized  th a t a com plete p ic tu r e  o f  
t i l l  te x tu re  should  in c lu d e  a study o f  g r a in  shapes and t i l l  fa b r ic  a l s o .
fa c to r s  Which Determine J i l l  Jexture
¥ . C. Krumbein (1933» P« ^04*) f i r s t  noted  th a t te x tu r e , in  t h is  
r e s t r ic t e d  se n se , o ffe r e d  p o s s i b i l i t i e s  fo r  the c o r r e la t io n  o f t i l l s  
under fa v orab le  c o n d it io n s . Ihe o r ig in a l  te x tu re  o f  a t i l l  i s  de­
pendent f i r s t  upon th e  tex tu re  o f th e source m a ter ia l and th en  upon 
th e  amount o f  comminution t h i s  m a ter ia l has undergone in  the course  
o f  tr a n sp o r ta tio n  by the i c e .  Jhe amount o f  comminution i s ,  in  tu rn ,
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determ ined by th e  r e s is ta n c e  o f  th e  rock m a ter ia l to  ab ra sio n , f r o s t  
a c t io n  and th e g en era l c o n d it io n s  o f  w eathering under a  g l a c i a l  r e ­
gim e, a s  w e ll  a s  th e le n g th  o f  tim e i t  i s  su b jec ted  to  th ese  p r o c e s s e s .  
Then, to o , a lth ou gh  two major c la s s e s  o f  g l a c i a l  d e p o s it s  are recog­
n iz e d , th e u n sorted  and th e  s o r te d , a l l  d egrees o f  v a r ia t io n  betw een  
th ese  two are p o s s ib le ,  so th a t even in  what i s  c a l le d  t i l l  th ere  may 
have been some washing away o f  th e  f in e r  m a te r ia ls .
T i l l  Sources
The ic e  s h e e ts  which d ep o s ited  the t i l l  o f Ohio and oth er m id- 
w estern  s t a t e s  f i r s t  moved a cro ss  a  wide area  o f th e  Canadian S h ie ld , 
erod in g  g r e a t  q u a n t it ie s  o f  c r y s t a l l in e  rock . The e r r a t ic  b ou ld ers  
p ick ed  up by th e  g la c ie r s  from outcrops n orth  o f the Great Lakes and 
now found as fa r  sou th  as north ern  Kentucky g iv e  ev id en ce o f  the  
e f f e c t iv e n e s s  o f  g l a c i a l  tr a n sp o r ta tio n  fo r  lon g  d is ta n c e s .  Never­
t h e le s s  th e  statem ent o r ig in a l ly  mady by R. D. S a lisb u ry  (1900, p .  425) 
th a t  "normal t i l l  i s  made up o f  m a te r ia ls  which have n ot been tr a n s ­
p orted  far" i s  g e n e r a lly  a ccep ted  ( E l in t ,  1947, PP. 1 1 4 -1 1 6 ).
Evidence f o r  Importance o f  L o c a lly  D erived  M a te r ia l: I f  l o c a l l y
d er iv ed  m a ter ia l i s  as predom inant in  th e  d r i f t  as th e  statem ent above 
in d ic a t e s ,  i t  i s  d i f f i c u l t  to  see  how te x tu re  can be o f  any va lu e  in  
id e n t i fy in g  a  t i l l  sh e e t  over an area  where bedrock and e a r l i e r  g la ­
c i a l  d e p o s its  vary  w id e ly . There a r e , however, a t  l e a s t  two l in e s  o f  
ev id en ce  which su g g est th a t the im portance o f  lo c a l  m a ter ia l in  
determ in in g  the com p osition  o f  a t i l l  may have been g iv e n  undue 
em phasis.
The f i r s t  i s  somewhat e m p ir ic a l:  v a r io u s  B tud ies (Krufiibein,
1933; W hite, 1952 and Shepps, 1953) have shown th a t in  areas where 
th e su r fa ce  "beneath a  t i l l  sh ee t i s  q u ite  h eterogen eou s, s im ila r  t i l l  
te x tu r e  i s ,  n e v e r th e le s s ,  m ain tained  w ith in  th e  s h e e t , furtherm ore the  
p resen t stu d y  has added ap proxim ately  850 square m ile s  to  th e  4800 or 
so over which White and Shepps found th e same te x tu re  t o  "be more or 
l e s s  c o n s ta n t. I t  should  be p o in ted  o u t, however, th a t  w h ile  in  
n o r th ea stern  and n orth  c e n tr a l Ohio th e bedrock i s  h eterogen eou s, in  
th a t i t  c o n s is t s  o f  v a r io u s s h a le s ,  s i l t s t o n e s  and sa n d sto n es, in  
n e ith e r  a rea  i s  lim esto n e  o f  any im portance in  the bedrock sequence.
In w estern  Ohio th e  i c e ,  a lth ough  s t i l l  moving out from th e  cen ter  o f  
B rie  b a s in , c ro ssed  wide areas which are u n d er la in  by lim esto n e  and i t  
w i l l  tak e fu r th e r  in v e s t ig a t io n  to  see  i f  the same te x tu re  groups are 
reco g n iza b le  th e r e .
The second l in e  o f  ev id en ce  comes from th e  recen t work by Grav- 
enor (1951) who made a  study o f  the p e tr o lo g y  o f  W isconsin  t i l l  in  
south w estern  O ntario , I t  seems th a t  the statem ents o f  S a lisb u r y  and 
o th ers  regard in g  the predom inantly l o c a l  o r ig in  o f  t i l l  m a te r ia ls  have 
been based  la r g e ly  on the p eb b les  in  th e  t i l l s ,  (Pebble counts made 
in  co n n ectio n  w ith  t h i s  stu d y  show th a t  th e  g r e a te r  p ercen tage o f  
p eb b les  i s ,  in d eed , o f  lo c a l  o r ig in .  See page 99 aud Table V .)
Gravenor found, however, th a t in  th e  t i l l  near L indsay, O ntario , th e  
p eb b les  p re se n ted  a  o n e -s id ed  p ic tu r e .  The bedrock i s  lim esto n e  and 
80 per cen t o f  the p eb b les  are lim e s to n e , y e t  th e  sand s iz e  g r a in s  
and th e  b o u ld ers have a  c r y s t a l l in e  so u rce . The p ercen tage  o f  c la y  i s  
low  a t L in d say , f iv e  to  e ig h t  p er  c e n t ,  y e t  where sh a le  i s  the under­
ly in g  bedrock th e p ercen tage o f  f in e r  m a ter ia l in c r e a se s  r a p id ly .
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T his l a s t  o b serv a tio n  does n ot agree w ith  th e  r e s u l t s  o f  Krumbein's 
stud y  (Krumbein, 1933» P» 3 9 7 ) , fo r  he. found th a t the median s iz e  
in crea sed  even when sh a le  was predominant in  th e p eb b le  m a te r ia l.
S e la t iv e  Importance o f  C on so lid ated  and U n con so lid ated  M a te r ia l; 
In regard to  th e  r e la t iv e  im portance o f  bedrock and u n co n so lid a ted  
m a ter ia l in  ca u sin g  v a r ia t io n  o f  a  t i l l  s h e e t ,  Krumbein (1933 , P» 397) 
concluded from h is  s tu d ie s  in  I l l i n o i s  th a t  th e l a t t e r  was o f  g r e a te r  
im portance. T his i s  not su r p r is in g , fo r  in  a d d it io n  to  ser v in g  as a 
p r o te c t iv e  cover over th e  bedrock, such m a ter ia l i s  a lrea d y  prepared  
fo r  m ixing and tr a n sp o r ta t io n .
Because th e p o s i t io n  o f  bedrock c o n ta c ts  i s  g e n e r a lly  known 
w ith  a f a i r  degree o f  accu racy  i t  i s  a  sim ple m atter to  e v a lu a te  the  
in f lu e n c e  o f bedrock on t i l l  t e x tu r e s .  I t  i s ,  however, more d i f f i ­
c u lt  to  ap p ra ise  th e e f f e c t  o f  o ld er  g l a c i a l  d e p o s i t s .  The f i r s t  ic e  
advance o f  the W isconsin s ta g e  over th e two c o u n t ie s  o f  t h i s  rep o rt  
found th e  su r fa ce  a lrea d y  covered  w ith  the d e p o s its  o f  a t  l e a s t  one 
oth er  i c e  s h e e t ,  th e I l l in o ia n ,  and each advance, whether o f  major or 
minor rank, r e s u lte d  in  a  g r e a te r  d iv e r s i t y  o f  su r fa ce  m a te r ia ls , one 
p a tte r n  b e in g  superim posed on th e  o th e r , but perhaps n ot e n t ir e ly  
masking i t .  A s in g le  p a tte r n  might be made up o f  g l a e i o - f l u v i a l  and 
la c u s tr in e  sed im en ts, as w e ll  as t i l l .  The so r ted  d e p o s its  which con­
tr ib u te  a l im ite d  range o f  g r a in  s i z e s  in  con cen tra ted  amounts may 
contam inate th e t i l l  o f  an o v err id in g  g la c ie r  to  such  an e x te n t as  
to  cause a wide v a r ia t io n  from th e normal te x tu r e , and y e t  today i t
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may be ex trem ely  d i f f i c u l t  to  r e c o n s tr u c t  or reco g n ize  tlie  so u rce .
The p o s s i b i l i t y  o f  a te x tu r a l  v a r ia t io n  having o r ig in a te d  in  t h i s  
manner must alw ays be kept in  mind, however.
F a cto rs  C o n tro llin g  th e Importance o f  L ocal M a te r ia l: The im­
p ortan ce o f  l o c a l  m a te r ia l, c o n so lid a te d  and u n co n so lid a ted  in  de­
term in in g  th e  com p osition  o f  a t i l l  w i l l ,  o f  c o u rse , vary  from p la c e  
to  p la c e  depanding upon th e r e la t io n s h ip  o f  areas o f  e r o s io n  to  th o se  
o f  d e p o s it io n ;  upon th e nature o f  the m a ter ia l a v a i la b le ;  and upon th e  
topography which a r eg io n  p r e se n ts  t o  th e  advancing i c e .  In th e  
l a t t e r  c a se , fo r  exam ple, i t  i s  to  be exp ected  th a t  rough topography  
would o f f e r  g r e a te r  op p o rtu n ity  fo r  e r o s io n  by a g la c ie r  than a l e v e l  
p la in .  (See T hw aites, 1939, p . 2 1 .)
Jahns (19^3, P* 8 l )  su g g e s ts  th a t i s o la t e d  h i l l s  are p a r t ic u ­
la r ly  s u s c e p t ib le  to  g la c ia l  e r o s io n . There are two areas in  E rie  
and Huron c o u n t ie s  where h i l l s ,  sep ara ted  from each  o th er  by f l a t  
la n d , e x i s t ;  (1 ) so u th ea stern  E r ie  County and n o r th ea ste rn  Huron 
County where th e B erea sandstone forms h i l l s  which are prom inent on 
th e  ground m oraine, and (2 ) th e area  around C a s ta lia  where th e  lim e­
sto n e  h i l l s  stand  out above th e  g e n e ra l l e v e l  o f  th e  la k e  p la in .  T his  
l a t t e r  area  ex ten d s northward to  in c lu d e  th e  bedrock h igh s which t o ­
day e x i s t  a s  is la n d s  in  Sandusky Bay and Lake E r ie . In  b o th  c a se s  
th e se  bedrock h i l l s  p rob ab ly  stood  above th e p r e - g la c ia l  su r fa ce  
a ls o .  They c e r ta in ly  were n o t areas o f  g l a c i a l  d e p o s it io n  fo r  th ey  
are covered  w ith  l i t t l e  or no t i l l .  The w e ll  known g la c ia l  grooves on
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K e lle y s  I s la n d , j u s t  north  o f  the a rea  o f  t h i s  s tu d y , have lon g  been  
c i t e d  as  ev id en ce o f  th e  e r o s iv e  power o f g la c ie r s ,
T i l l  T extures in  North C entral Ohio
The u se  o f  tex tu re  as a  means o f  d i f f e r e n t ia t in g  t i l l  sh e e ts  was 
a g e n e r a lly  s u c c e s s f u l ,  but not i n f a l l i b l y * , method in  the area  of 
t h i s  s tu d y . E a rly  in  th e  course o f  th e  f i e l d  work i t  became apparent 
from p u r e ly  q u a l i ta t iv e  methods of com parison th a t th ere  was a v a r ia t io n  
in  th e te x tu re  o f  t i l l s  exam ined. The q u estio n  rem ained, however, as  
to  whether the san d ier  t i l l  was due to  some lo c a l  ca u se , such as  
washing by m elt w a ters , th e in f lu e n c e  o f B erea and Bedford san d ston es, 
or a s s im ila t io n  o f  o ld e r  beach or g l a c i o - f l u v i a l  m a te r ia l.
Some w eight was g iv e n  t o  th e  f i r s t  o f  th e se  p o s s ib le  causesoo'f 
t e x tu r a l  v a r ia t io n  by th e  occurrence o f  kames, e sk ers  and outwash in  
th e gen era l a rea  o f  san d ier  t i l l ,  A number o f  sa n d ier  t i l l  s e c t io n s  
a ls o  are c lo s e ly  a s so c ia te d  w ith  sh a llo w  sandstone bedrock, and as  
has been  m entioned th e  p o s s i b i l i t y  o f  o ld er  so rted  m a ter ia l l o c a l l y  
contam inating  the normal t i l l  o f  an advance i s  alw ays p r e se n t , but 
d i f f i c u l t  to  prove or d isp ro v e .
The b e s t  ev id en ce  th a t the d if f e r e n t  te x tu r e s  were the r e s u lt  
o f  two d if f e r e n t  advances was found in  .s e v e r a l deep exposures which  
w i l l  h e r e a f te r  be r e fer re d  to  as m u ltip le  t i l l  s e c t io n s .  Exam ination  
o f  th ese  s e c t io n s  (See Appendix BO su g g ested  th a t a s i l t y  c la y  t i l l  was 
u n d e r la in  by a somewhat sa n d ier  t i l l .  In most ca se s  t h i s  in te r p r e ta t io n  
was borne out by subsequent m echanical a n a ly se s  o f  th e sam ples. In th e  
m u ltip le  t i l l  s e c t io n s  examined no buried  w eathering p r o f i l e ,  or
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p o r t io n  o f  one, was found and th e  t i l l s  were id e n t i f i e d  on a  p u r e ly  
t e x tu r a l  'b a s is .
The a n a ly se s  o f  th e low er t i l l s  o f  th e  m u ltip le  t i l l  s e c t io n s  
showed the sand, s i l t  and c la y  d is t r ib u t io n  to  be s im ila r  not on ly  
to  the sandy type o f t i l l  reco gn ized  a t  the su r fa c e , but a ls o  to  the  
E a rly  Cary o f  Geofege White in  n o r th ea stern  Ohio. The a n a ly se s  o f the  
o v e r ly in g  t i l l s  on th e o th er  hand p la ced  them in  the te x tu r a l group 
which White ha.s c a l le d  Late Cary,
T i l l  Sampling ; Samples o f  un leached  t i l l  which were la t e r  ana­
ly z e d  fo r  the p a r t ic le  s iz e  d is t r ib u t io n  were c o l le c t e d  from some o f  
th e  p r o f i l e s  measured -  b o th  th o se  in  c u ts  and in  auger h o le s .  When 
p o s s ib le  u n o x id ized  t i l l  was sampled, but s in c e  th e depth  to  unox­
id iz e d  m a ter ia l was u s u a lly  not w ith in  reach  o f  th e  s ix - f o o t  auger, 
many were o x id ize d  t i l l .  Samples H-77 and H-78 (See Table IV .)  
were sam ples o f  the same t i l l  taken from a deep c u t . Sample H-77 
was o f  o x id ize d  t i l l ,  however, and H-78 was u n o x id ized . The a n a ly se s  
show so l i t t l e  d if fe r e n c e  in  th e  sand, s i l t  and c la y  p ercen ta g es  fo r  
th e  two sam ples th a t i t  would appear th a t no error  i s  in trod uced  by 
u s in g  b o th  o x id iz e d  and u n o x id ized  t i l l  fo r  th e  a n a ly se s .
T i l l  sample c o l le c t io n s  were made from c u ts  o n ly  a f t e r  the sur­
fa c e  had been c lea n ed  and as n e a r ly  v e r t i c a l  a s e c t io n  as p r a c t ic a l  
eagoosed. The t o t a l  amounts o f  the sam ples c o l le c t e d  v a r ied  from about 
150 to  ifOO grams, the sm aller  amounts coming from auger h o le s .  M ger  
h o le  sam ples were u sed  fo r  a n a ly s is  o n ly  when no o th er  source was 
a v a ila b le  in  th e immediate neighborhood, fo r  the p o s s i b i l i t y  o f  con -
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CABLE IV
RESULTS OF ANALYSES Of TILL SAMPLES
o le
P ercen tages  
Sand S i l t  01*
T azew ell 
0-210 46 38 16
Depth of
L eaching Sample_
47"
P ercen tages  
Sand S i l t  Clas
Depth o f  
Leaching
•'Early" Gary
28 41"H-24 27 45
H-2? 38 35 27 41"
H-5 0 32 44 24 ——
H-52 33 42 25 —
H-59 26 44 30 35"
H-6 0 28 46 26 5 0 "
H-67 20 49 31 ,—
H-87 24 55 21 —
H-94 22 48 30 46"
H-95 25 48 27 48"
H-100 37 38 25 42"
H-104 32 40 28 45"
H-105 24 48 28 44"
H-B 27 55 18 —
A—1 32 41 27 52"
A -2 24 46 30 35"
A-4 21 51 28 42"
E-5 32 43 25 49"
E-6 18 53 29 37"
H -lh 28 44 28
C—2a 26 48 26 —
C—9 22 52 26
?
H-42 23 41 36 46"
E - la 24 40 36 1 m  mm
L ate  Cary
H-2 7 40 53 35"
H-4 24 43 33 27"
L ate Cary (c o n t 'd )
H-6 23 , 43 34 27"
H-9 16 47 37 —
H-10 23 39 38 30"
H - l l 6 « 59 35 —
H-13 18 43 39 52"
H-14 20 40 40 24"
H-2 0 24 42 34 32"
H-21 16 43 41 —
H-26 24 38 38 35"
H-29 16 if4 40 27"
H-37 17 38 45 32"
H-47 18 37 45 25"
H-49 14 47 39 33"
H-6  2 23 43 34 26"
H-65 22 39 39 20"
H-77 8 54 38 29"
H-78 8 53 39 —
H-79 17 42 41 rnrnmm
H-8 2 11 49 40 ■ —
H-83 20 38 42 20"
H-84 19 36 45 31"
H-8 6 14 57 29
H-89 17 40 43 26"
H-90 13 41 46 30"
H-98 18 39 43 . 22"
H-99 19 44 37 29"
H-101 4 48 48 32"
H-10 2 24 38 38 28"
A-3 11 49 40 34"
E-tf 21 43 36 —
C-10 12 53 35 41"
Se-1 15 53 32 29"
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ta m in a tio n  "by m a ter ia l f a l l i n g  down th e h o le  from h ig h er  l e v e l s  i s  
alw ays p r e se n t .
M echanical A n a ly s is  o f  J i l l  Sam ples; A lthough com plete p a r t ic le  
s i z e  d is t r ib u t io n  a n a ly se s  (from  coarse  sand through f in e  c la y  grad es) . 
were made o f th e  la c u s tr in e  sed im ents (p . 1 8 0 , t i l l s  were analyzed  o n ly  
in  terms o f  the t o t a l  amounts o f  sand, s i l t ,  and c la y .  Shepps (1953> 
p . 35) had a lrea d y  found such an ab b rev ia ted  m echanical a n a ly s is  
s a t i s f a c t o r y  fo r  problem s o f  t i l l  d i f f e r e n t ia t io n  in  the nearby 
c o u n tie s  o f  n o r th ea stern  Ohio*and Dreim anis (p erso n a l communication*; 
see  a ls o  D reim anis and E ea v e ly , 195^, PP* 2hh-2k6) rep orted  sand, s i l t ,  
and c la y  d eterm in a tio n s s u ita b le  fo r  d is t in g u is h in g  va r io u s W isconsin  
t i l l s  in  south w estern  O ntario . I t  was f e l t ,  th e r e fo r e , th a t t h is  type  
o f  s i z e  d is t r ib u t io n  d eterm in ation  would be s a t i s f a c t o r y  fo r  the area  
o f  t h i s  stu d y  where c o n d it io n s  are g e n e r a lly  s im ila r  to  th ose  in  north­
e a s te r n  Ohio and south w estern  O ntario . The r e s u l t s  obta ined  bear t h is  
o u t.
L aboratory M ethods: The methods used  fo r  making p a r t ic le s  s iz e
d is t r ib u t io n  d eterm in a tio n s are d isc u sse d  i n  Appendix A o f  t h i s  p aper. 
At t h i s  p o in t  i t  w i l l  s u f f i c e  to  sa y  th a t a l l  t i l l  a n a ly se s  were made 
by th e Bouyoucos hydrom eter method in  co n ju n ctio n  w ith  s ie v in g  o f  th e  
co a rser  f r a c t io n s .
R e su lts  o f  A n a lyses: White -and Shepps have found th a t  th ree
t e x t u r a l ly  d if f e r e n t  t i l l  sh e e ts  can be mapped in  n o r th ea stern  Ohio
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(W hite, 1951a and Shepps, 1953. P . 3 9 );  a  sandy t i l l  w hich i s  id en ­
t i f i e d  as T azew ell; a  s i l t y  t i l l  which White c a l l s  E arly  Cary, but 
which i s  a p p aren tly  not as e a r ly  a s  th e  E a rly  Cary in  w estern  Ohio 
(R. P. G old thw ait, p er so n a l communication) and w hich, th e r e fo r e , w i l l  
be r e fe r r e d  to  in  t h i s  paper as  "Early" Cary; and a  th ir d  which d is ­
p la y s  a g r e a te r  te x tu r a l v a r ia t io n  than th e o th er  two and ranges  
from a  s i l t  t i l l  to  a c la y  t i l l ,  and i s  a ss ig n ed  to  th e  Late Cary 
advance. (The d e s c r ip t iv e  term s used  above are th o se  o f  Shepps.) On 
a  p u re ly  t e x tu r a l  b a s is  a l l  th ree  o f th e s e  t i l l s  can be reco g n ized  in  
n orth  c e n tr a l Ohio a ls o  (P is . XX, XXI and Table IY ).
T azew ell T i l l  in  Rorth C entral Ohio 
On th e  b a s is  o f  t h i s  stu d y  a lone i t  would not be p o s s ib le  to  
reco g n ize  a T azew ell t i l l  and th e name i s  a p p lied  here on ly  because  
one sam ple, C-2b , m eets th e  te x tu r a l  requirem ents o f  the Tazew ell 
sh ee t in  n o r th ea stern  Ohio (P I . XX). Some co rrob oratin g  ev id en ce i s  
su p p lie d , however, by  th e  s e c t io n  from which the sample was c o l le c t e d .  
The lo c a t io n  (P I . XXII) i s  a P en n sy lvan ian  R ailroad  cu t near the  
fr o n t  o f  th e  merged Port Wayne and Wabash m orainic b e l t s ,  j u s t  south­
w est o f  th e  S h ilo h  k n o t, (See Appendix B , S e c tio n  1 . )  The T azew ell 
( j )  t i l l  occurs in  th e low er p a r t o f  t h i s  s e c t io n  and th e a n a ly s is  o f  
th e o v e r ly in g  t i l l ,  from which i t  i s  sep ara ted  by  s i x  in ch es  o f  
d is to r te d  and lam inated  s i l t  and c la y ,  su g g e s ts  th a t  i t  i s  p a r t o f  
the "Early" Cary t i l l  sh e e t . Because of the l im ite d  nature o f  th e  
ev id en ce a s  seen  h e r e , however, th e p resen ce  o f  T azew ell t i l l  cannot 
be co n sid ered  to  have been d e f i n i t e l y  e s t a b lis h e d .
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P I. XX
Shoppe' l im it s  fo r  
n o rth ea stern  Ohio
North c e n tr a l Ohio
Late Cary 
"Early4' Cary 
TazewellT
■++
-It
S a n d - s i l t - c la y  com p osition  o f  59 t i ^ l  sam ples.
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P I. XXI
EARLY- .GARY LATE*CART
i
Comparison o f data from north c e n tr a l and n orth ea stern  
Ohio t i l l s .
The l in e d  bars show the range in  p ercen tages o f  sand 
and c la y  among th e t i l l  samples a ss ig n ed  to  the two Cary 
t i l l s .  The s o l id  bars in d ic a te  th e average percentage fo r  
each group. D ata fo r  n o rth ea stern  Ohioaire from Shepps
(1953)-
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A Comparison o f  ’'E arly '1 and Late Cary T i l l s  
in  Forth  C entral and N orth eastern  Ohio
T e x tu r a lly  th e  two t i l l  sh e e ts  whose p resen ce  i s  w e ll  e s ta b lis h e d  
in  n orth  c e n tr a l Ohio are  v ery  s im ila r  to  th e  "Early" and Late Cary 
sh e e ts  o f  th e n o r th ea stern  c o u n t ie s . P la te  XXI i s  a com parison o f  the  
range in  p ercen ta g es  o f  sand and c la y  in  th e  "Early" and Late Cary t i l l s  
a s d e fin ed  by Shepps' analyzed  sam ples w ith  th o se  shown by a n a ly se s  
from th e  a rea  o f  the p r e se n t s tu d y . In o n ly  one in s ta n c e  does the  
range e s ta b lis h e d  from north  c e n tr a l  Ohio extend  beyond the p ercen tage  
l im i t s  o f  th e  n o r th ea stern  Ohio sam ples and then  o n ly  a v ery  in s ig n i ­
f ic a n t  amount: the sam ples o f  "Early" Cary t i l l  from n o r th ea stern
Ohio showed a  v a r ia t io n  from 17 to  30 p ercen t in  the c la y  fr a c t io n ;  
in  th o se  analyzed  fo r  t h i s  rep o rt the range was from 18 to  31 p e r ce n t.
In  a l l  o th er  c a se s  th e  v a r ia t io n s  were w ith in  Shepps' l i m i t s .  The 
sm a ller  v a r ia t io n  found fo r  Huron and p a r ts  o f  ad ja cen t c o u n tie s  may 
be due in  p a r t to  the sm a ller  area  in v e s t ig a te d .
P la te  XX shows th e d if fe r e n c e  in  th e  p ercen tage  l im i t s  o f sand, 
s i l t  and c la y  e s ta b lis h e d  by White and Shepps1 work and th o se  o f t h i s  
w r ite r  fo r  n orth  c e n tr a l Ohio when b o th  s e t s  are p lo t t e d  on tr ia n g u ­
l a r  co o rd in ate  p ap er. Two th in g s  are apparent: ( l )  The l im it s  o f
th e  "Early" Gary are s l i g h t l y  d i f f e r e n t  fo r  the two a r e a s . ( 2 ) The 
L ate Cary v a r ia t io n  i s  co n s id era b ly  l e s s  in  north  c e n tr a l  Ohio than in  
th e  n o r th ea stern  p art o f  th e s t a t e .
"Early" Cary T i l l  in  Forth  C en tra l Ohio
Of th e  59 t i l l  sam ples an alyzed  20 f a l l  w ith in  th e  te x tu r a l
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l im it s  o f George W h ited  "Early" Cary t i l l  as o u t lin e d  on the t r i ­
angular diagram (P I, XX), and when th ese  l im it s  are ad ju sted  to  f i t  
evidence gathered from north c e n tr a l Ohio, 22 samples f a l l  in  the 
"Early11 Cary group. She m echanical com position  o f the group i s  f a i r l y  
homogeneous and can', I b e l ie v e ,  b e s t  be d escr ib ed  as a sa n d -si 11- clay-5 
t i l l .
In a d d itio n  to  the te x tu r a l s im i la r i t y  o f the s a n d - s i l t - c la y  t i l l  
to  the t i l l  sh eet id e n t i f ie d  by I h i t e  a s "Early" Cary, f i e l d  r e la t io n ­
sh ip s  in d ic a te  th at the "Early" Cary d e s ig n a tio n  i s  j u s t i f i e d .
T i l l  w ith  t h is  p a r t ic le s  s iz e  d is t r ib u t io n  occurs in  se v e r a l  
m u ltip le  t i l l  s e c t io n s  (See Appendix B .) As has. a lrea d y  been men­
tio n ed  (p . 8 6 ) in  one s e c t io n  i t  l i e s  above an o ld er  t i l l  whose 
tex tu re  su g g est th a t i t  i s  T azew ell, In a l l  o th er m u ltip le  t i l l  
s e c t io n s  the "Early" Cary type t i l l  i s  o v e r la in  by a g e n e r a lly  f in e r  
t i l l  which m eets the q u a lif ic a t io n s  o f the Late Cary t i l l  sh e e t .
The ev idence a ffo rd ed  by the geograp hic d is t r ib u t io n  (P I, XXII) 
i s  not e n t ir e ly  c le a r ,  but i t  seems to  bear out W hite’s fin d in g s  th at 
the "Early" Cary i s  the normal t i l l  a t  the su rface south o f the De­
f ia n c e  m oraine, a lthough i t  i s  a ls o  p resen t a t the su rface in  an area  
w ith in  th e  D efiance b e l t  and north  o f i t  here in  Huron County, The 
in te r p r e ta t io n  o f  t h is  w i l l  be d isc u sse d  more f u l l y  below  ($ . 9 3 ) ,  but 
i t  can be sa id  th a t i t  i s  apparently  the r e s u lt  o f l i t t l e  d e p o s it io n  o f  
Late Cary t i l l .
5Y T his d e s ig n a tio n  and the o th ers  which fo llo w  are in  accordance 
w ith  the nom enclature d escr ib ed  by E. P. Shepard (195*0 •
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P I. XXII
L ocation s o f s e c t io n s  from which t i l l  sam ples were an a lyzed .
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The t i l l  o f the D elphi spur, the northward fa c in g  s lo p e  o f  th e  
Fort Wayne moraine and th e ground moraine betw een th e  D efian ce  and 
Fort Wayne m oraines i s  o f t h i s  s a n d - s i l t - c la y  te x tu r e . Too few  sam­
p le s  from th e New Washington and Wabash m orainic b e l t s  were an a lyzed  
to  perm it any d e f in i t e  statem ent regard in g  the t i l l  o f  which th ey  are 
b u i l t ,  and what ev id en ce th ere  i s ,  i s  c o n tr a d ic to r y . A more d e ta i le d  
stu d y  i s  n ecessa ry  fo r  c la r i f i c a t io n  o f th e d is t r ib u t io n  o f  the t i l l  
typ es and th e ir  r e la t io n  to  th e v a r io u s m oraines
Late Cary T i l l  in  North C entral Ohio
In b oth  north  c e n tr a l snd n o r th ea stern  Ohio th e  te x tu r a l  v a r i­
a t io n  shown by the t i l l  sam ples a ss ig n ed  to  th e  La.te Cary d r i f t  sh eet  
i s  g r ea ter  than th a t observed among th e  "Early" Cary sam ples. Indeed, 
th e spread  shown b y  sam ples from n orth  c e n tr a l Ohio makes i t  d i f f i c u l t  
to  f in d  a co n c ise  te x tu r a l  d e s c r ip t io n  fo r  the upper t i l l .  Included  are 
t i l l s  which are s a n d - s i l t - c la y  t i l l s  (but l e s s  sandy than "Early"cC ary), 
c la y e y  s i l t  and s i l t y  c la y  t i l l s  and one sample which i s  a sandy s i l t  t i l l .
Shepps was ab le  to  e lim in a te  much o f th e apparent h e te r o g e n e ity  in  
h is  Late Cary sam ples by r e la t in g  th e sam ples t o  th e  secondary lo b e s  
p r e se n t along th e  Late Cary ic e  fro n t in  n o r th ea stern  Ohio (Shepps,
1953» PP* ^ 3-^ 5)• White has c a l le d  th ese  lo b e s  the Grand R iv er , the  
Cuyahoga and Medina, th e l a t t e r  b e in g  th e  westernm ost and c lo s e s t  to  
Huron County.
Such lo b a t io n  as th ere  was a lon g  th e  W isconsin ic e  fr o n t in  n orth  
c e n tr a l Ohio had la r g e ly  d isapp eared  by th e tim e o f the readvance to  th e  
D efian ce  m oraine, a lth ough  the b e l t  o f poor moraine developm ent betw een  
the Huron and V erm ilion r iv e r  may w e ll  rep resen t th e  l a s t  v e s t ig e  o f
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in te r lo b a te  c o n d it io n s , c o n d it io n s  which, i t  i s  "believed r e f le c t e d  th e
i
in te r fe r e n c e  o f  the " basin -facing  B erea escarpm ent to  i c e  f lo w .
In  order to  t e s t  the h y p o th es is  th a t ic e  movement c o n tr o lle d  by  
lo c a l  lo h e  c en te r s  accounted fo r  th e wide v a r ia t io n  in  Late Cary sam ples 
in  the area  o f  t h i s  stu d y , th e  p o s i t io n  o f th e  a n a ly se s  on th e  tr ia n g u la r  
diagram was examined from the p o in t  o f  view  o f whether th e  sam ples had 
"been c o l le c t e d  e a s t  or west o f  th e a rea  o f ir r e g u la r  moraine developm ent, 
Wo d e f in i t e  d iv i s io n  a long t h i s  l in e  was in d ic a te d . However, the m a jo r ity  
o f  the Late Cary sam ples from th e  D efian ce  "belt in  e a s te r n  Huron County 
were t e x t u r a l ly  s im ila r  to  th e Medina lo h e  sam ples. I t  can a ls o  he sa id  
th a t the more s i l t y  t i l l s  were from w estern  Huron County. Whether or 
not t h i s  s i l t i e r  ch aracter  i s  m aintained  westward from Huron County i s  
not known, nor i s  i t  p o s s ib le  to  s t a t e  th a t t h is  d if fe r e n c e  r e f l e c t s  
lo b a t io n . On the has i s  o f  the ev id en ce i t  may j u s t  as w e ll  record  th e  
d if fe r e n c e  in  u n d erly in g  bedrock , fo r  in  e a s te r n  Huron County th e t i l l  
l i e s  over B edford , B erea and Cuyahoga sh a le s  and sa n d sto n es , whereas in  
th e w estern  p art o f  the county the bedrock c o n s is t s  o f  Huron and C leve­
la n d , b la c k , carbonaceous, s i l t y  s h a le s .
The d is t r ib u t io n  o f  t h i s  f in e r  tex tu red  t i l l  seems to  bear out 
"White’ s c o r r e la t io n  o f  th e Late Cary t i l l  w ith  the advance to  the De­
f ia n c e ,  a lth ou gh  betw een th e two r iv e r s  th e Late Cary has a s c a t te r e d  
d is t r ib u t io n  so th a t "Early” Cary i s  fr e q u e n t ly  p re se n t at the su rfs.ce . 
This and the la r g e  number o f  kames and e sk er s  here su g g e sts  th in  and 
stagnan t i c e ,  and i t  i s  b f l ie v e d  th a t  in  th e  Late Cary advance the  
Berea escarpm ent in  so u th ea stern  E r ie  County shunted the main flo w  o f  
th e ic e  away from t h is  r eg io n  d ir e c t ly  to  th e  so u th .
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R e la tio n sh ip  o f  Depth o f L eaching and S i l l  Texture  
The diagram o f  P la te  XX shows c le a r ly  one o f  th e d i f f i c u l t i e s  th a t  
a r is e s  in  a p p ly in g  ? te x tu r a l  c r i t e r i a  fo r  f i e l d  id e n t i f i c a t io n  o f  the  
t i l l s  in  th e a rea  o f  stu d y: a  v a r ia t io n  o f  a  few p er  cen t among the
th ree  p a r t ic l e  s iz e  c la s s e s  i s  alm ost im p o ssib le  to  d e te c t  q u a l i t a t iv e ly ,  
and y e t  i t  may he enough to  su g g est a d i f f e r e n t  t i l l  s h e e t .
Depth o f  L eaching and Texture in  “E a r ly 11 Cary T i l l
I t  has a lr ea d y  b een  s a id  th a t th e  amount o f  w eath erin g , or more 
s p e c i f i c a l l y ,  th e amount o f  carbonate le a c h in g , was u sed  fo r  t i l l  sh eet  
id e n t i f i c a t io n  ( p .70 ) and a ls o  th a t  te x tu r e  i s  one o f th e  fa c to r s  which  
c o n tr o ls  th e  ra te  o f  le a c h in g  ( p .72 ) .  In order t o  e v a lu a te  the r o le  
o f  te x tu r e  in  determ in in g th e  depths o f  le a c h in g  observed , the l a t t e r  
was p lo t t e d  a g a in s t  th e  p ercen tage  o f  sand in  analyzed  t i l l  sam ples.
The s c a t t e r  diagram shown in  P la te  XXII r e s u lt e d . I t  i s  q u ite  c le a r  
from t h i s  diagram th a t in  the s a n d - s i l t - c la y  t i l l  ( “E a r ly 11 Cary) te x ­
tu re  i s  im portant and th e r e la t io n s h ip  i s  th a t which i s  t o  be ex p ected :  
th e  g r e a te r  th e p ercen tage  o f  sand th e g r e a te r  th e depth o f  le a c h in g .
Depth o f  L eaching and Texture in  Late Cary T i l l
At f i r s t  g lan ce  th ere  seems to  be l i t t l e  i f  any c o r r e la t io n  be­
tween th e p ercen tage  o f  sand and th e depth  o f  le a c h in g  in  the Late  
Cary sam ples. But when th ese  sam ples are d iv id ed  in to  two groups, 
one o f  th e  sam ples from th e  Low P la tea u  and, th e o th er , from th e T i l l  
P la in  s e c t io n ,tw o  l in e s  o f r e g r e s s io n  are su g g ested .
The l in e s  o f  r e g r e ss io n  fo r  b oth  groups show an unexpected  re ­
la t io n s h ip ,  how ever| the depth  o f le a c h in g  in c r e a se s  w ith  a d ecrease
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Depth of Carbonate Leaching
©"Early11 Cary. •  Late Cary on the T i l l  P la in . oLate Cary on the Low Plateau,.
S c a tter  diagram showing r e la t io n sh ip  o f depth of carbonate le a c h in g  to  p ercen tage o f sand.
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in  the amount o f sand. The l in e  o f  r e g r e s s io n  a ls o  i s  s te e p e r  fo r  the  
l a t e  Cary t i l l  of th e  Low P la tea u  than fo r  th a t o f th e T i l l  P la in s .
T his l a t t e r  circum stance p rob ab ly  r e f l e c t s  th e  in f lu e n c e  of bedrock, 
fo r  i t  seems probable th a t  th e t i l l  o v e r ly in g  th e B edford, B erea , 
Cuyahoga sequence co n ta in ed  l e s s  o r ig in a l  carb on ate.
There i s  no ev id en ce fo r  an ex p la n a tio n  o f the un usual r e la t io n ­
sh ip  betw een te x tu r e  and depth  o f  le a c h in g . I t  i s  p o s s ib le ,  however, 
th a t the g r e a te r  p a r t o f  th e o r ig in a l  f r e e  carbonate in  th e Late Cary 
t i l l  may be a s so c ia te d  w ith  the co a rser  f r a c t io n s ,  but th a t th ere  i s  
not enough sand p r e se n t to  b r in g  th e  e f f e c t s  o f  g r e a te r  p e r m e a b ility  
in t o  p la y . I f  t h i s  should  prove to  be the c a se , and t o t a l  carbonate  
d eterm in ation s would have to  be made to  t e s t  the id e a , d i f f e r e n t  p a th s  
o f ic e  movement would seem to  be in d ic a te d  fo r  th e  •'Early" and Late 
Cary i c e .  I t  i s  d i f f i c u l t  to  im agine a s h i f t  o f  the magnitude req u ired , 
however, when one co n s id ers  th e  n earn ess o f  th e  whole a rea  to  th e  a x is  
o f th e  E rie  b a s in .
P la te  X III e s ta b lis h e d  th e  v a l i d i t y  o f  th e  d ep th  o f  carbonate  
le a c h in g  as an ind ex o f te x tu re  fo r  th e "Early" Cary, but th e q u estio n  
s t i l l  rem ains, "Can le a c h in g  be used  as an a id  in  d is t in g u is h in g  th e  
"Early" C§ry from th e Late Cary"T
Frequency D is tr ib u t io n  o f  Becorded Depths o f  Leaching
The frequency  d is t r ib u t io n  o f  230 recorded  depths o f  le a c h in g  i s  
show nygraph ica lly  in  P la te  XXIV. There are th ree  ranges o f  depths  
in to  which a m a jo r ity  o f th e p r o f i l e s  f a l l :  26 to  30 in c h e s , 33 to  37 
in c h e s , and 44 to  46 in c h e s . C onsidering th e  geograp h ic d is t r ib u t io n
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and the' a s s o c ia t io n  o f the l e s s e r  depths o f le a c h in g  w ith  the f in e r
t i l l  sam ples as shown in  Sable IV, I b e l ie v e  i t  i s  e s ta b l is h e d  th at
depths o f 26 to  30 in ch es  are g e n e r a lly  in d ic a t iv e  o f  the Late Cary
t i l l  s h e e t ,  w h ile  th o se  from 44 to  46 in ch es su g g est an ••Early" Cary 
6a g e .
There are s e v e r a l p o s s ib le  ex p la n a tio n s  fo r  the peak a t 35 in c h e s . 
The f i r s t  th a t comes to  mind i s  th a t i t  r ep re sen ts  a  th ir d  t i l l  s h e e t ,  
b u t s in c e  th ere  i s  no o th er  ev id en ce w ith in  th e  a rea  o f  stu d y  fo r  t h i s ,  
th e  id e a  was d isca rd ed . Is  i t  th e r e s u l t  o f  a p r o f i l e  in  a th in  Late 
Cary t i l l  b e in g  superimposed upon a tru n ca ted  "Early" Cary p r o f i le ?
I f  t h i s  were th e  c a se , the u n a lte re d  t i l l  in  such a p r o f i l e  would be 
d e f i n i t e l y  "Early" Cary but th e te x tu r a l  d ata  not bear t h is  out.
Does th e  c lu s te r in g  o f  depths o f le a ch in g  in  the m id - th ir t ie s  th en  
rep resen t a  range w ith in  which th e  d epths o f  le a ch in g  o f th e  two t i l l  
sh e e ts  are c o e x te n s iv e , i . e .  b oth  th e g r e a te r  depths o f th e  Late Cary
-Y
sh e e t and the l e s s e r  from th e  o ld er  t i l l  sh e e t are rep resen ted ?  In  
my op in ion  t h i s  i s  th e c a se , and fo r  pu rp oses of t i l l  id e n t i f i c a t io n  
depths o f  le a c h in g  w ith in  th e  range from 33 to. 37 in ch es  were co n sid ­
ered  as in d ic a t in g  n e ith e r  one t i l l  sh e e t or the o th er .
P o s s ib le  T i l l  Sheet Assignment o f  P r o f i l e s  w ith  Leached Depths in  
M id -T h irties
On th e b a s is  o f  the diagram o f  P la te  XXIV i t  i s  p o s s ib le  th at a
workable f i e l d  c r i t e r ia  cou ld  be d ev e lo p ed , however. A Late Cary
6 . These depths a r e ' l e s s  than th o se  recorded fo r  th e  seem in gly  
c o r r e la t iv e  t i l l  sh e e ts  in  n o r th ea stern  Ohio. White and Shepps 
(1952) rep o rt depths o f two and o n e -h a lf  f e e t  to  th ree  and on e- 
h a lf  fo r  th e Late Cary, and fou r and o n e -h a lf  f e e t  and above fo r  
th e E arly  Cary,
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t i l l  w ith  a depth of le a c h in g  in  t h i s  range should  he enough f in e r  than  
th e  normal "Early” Cary type o f  t i l l  w ith  a  s im ila r  depth o f le a ch in g  
to  he r e c o g n iz a b le . S in ce the apparent r e la t io n s h ip  betw een te x tu re  
and depth  o f le a c h in g  in  th e  Late Cary t i l l s  o f  Huron County was not 
d isco v ered  u n t i l  the com p letion  o f the f i e l d  work, t h i s  a p p lic a t io n  o f  
w eathering  and te x tu r a l ev id en ce  cou ld  o n ly  he a p p lie d  where f i e l d  n o te s  
made m ention o f u n u su a lly  c la y e y  or s i l t y  t i l l .
Depth o f  Leaching as a  Means o f  I d e n t ify in g  T i l l  Sh eets
Even though th ere  i s  some d i f f i c u l t y  in  in te r p r e t in g  depths o f  
le e c h in g  which f a l l  in  th e m id - t h ir t ie s  i t  can he seen  hy comparing 
p la t e s  XIX and XXII th a t the p ic tu r e  o f  t i l l  d is t r ib u t io n  a rr iv ed  at  
hy p lo t t in g  depths o f  le a c h in g  in  the oth er two groups i s  s im ila r  to  
th a t  ga in ed  from th e  te x tu r a l  d a ta . T h erefore , i t  appears th at th e  
va lu e  o f  the depth  o f  le a ch in g  as an a id  in  c o r r e la t in g  th e t i l l s  of 
t h i s  area  i s  s u b s ta n tia te d .
T i l l  L lth o lo g ie s
A com plete study o f  th e  l i t h o lo g y  o f  the v a r io u s  t i l l  sh e e ts  was 
not attem pted . A few pehb le  counts were made, one in  each moraine 
elem en t, and the r e s u l t s  are g iv e n  in  T ahle. Y. On th e hasiB  o f  th ese  
few c e r t a in ly  no c o n c lu s iv e  sta tem en ts can he made. I t  does appear, 
however, th a t  the p eb b les  la r g e ly  r e f l e c t  lo c a l  bedrock: fou r  are
h ig h  in  sandstone and each o f  th ese  i s  from a  l o c a l i t y  w ith in  th ree  
m ile s  o f  th e  updip edge o f  the B erea san d ston e; numbers 6 and 7 are  
r e l a t i v e l y  h igh  in  number o f  c la y  ir o n sto n e  p eb b les  and each o f  th ese  
was from t i l l  o v e r ly in g  the b la ck  sh a le  seq uence.
1 0 0
The h ig h  p ercen tage o f  lim esto n e  in  th e  count made in  th e  De­
f ia n c e  moraine b e l t  o f  e a s te r n  Huron County i s  d i f f i c u l t  to  e x p la in  
and taken  as  a whole t h i s  count d i f f e r s  g r e a t ly  from the one made in  
th e same t i l l  in  the w estern  p a r t o f  the cou n ty .
The count from th e D elph i Spur i s  fa r  below  th e o th ers  in  t o t a l  
c r y s t a l l in e  rocks rep resen ted  and th o se  from th e Hew W ashington spur 
moraine and th e  D efian ce  moraine in  e a s te r n  Huron County are very  
s im ila r  in  th e  p ercen ta g es  o f  c r y s t a l l in e  ro ck s.
The two banded s la t e s  recorded fo r  the count w ith in  th e S h ilo h  
knot are o f  in t e r e s t  c h ie f ly  because o f  Dr. W hite's f in d  o f  th e  varved  
s la t e  e r r a t ic s  near Rome, R ichland County, a t  the so u th ea stern  edge o f  
th e moraine k n ot.
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CABLE V
PEBBLE COUNTS FROM KORIH CENTRAL OHIO
1 . 2 . 3 . k. 5- 6 . 7 .a
Sedim entary Rocks 
Lim estone 26 20 29 20 29 22 18
D olom ite 19 6 9 9 18 11 k
Sandstone 16 26 43 2? 13 Ik 27
Shale 11 28 b 20 20 22 5
C lay iro n sto n e 1 1 3 2 1 6 11
Chert - 3 2 - . 13
T ota l Sedim entary '7 3 82 91 81 83 75 78
Igneous Rocks
A c id ic 12 9 k 7 9 11 8
B a sic 7 5 5 8 5 5 9
Metamorphic Rocks
Q u a rtz ite 8 2 — 1 2 8 5
Others - 11 - 1 1 -
T o ta l C r y s ta l l in e 27 18 9 19 17 25 22
T ota l 100 100 100 100 100 100 100
a . L ocation s:
1 . D efia n ce  m oraine, 1 m ile sou th  of lOkO corn er, n o r th ea s t R uggles
Cwp. ,  Ashland County.
2 . D efia n ce  m oraine, ju s t  south  o f  New H aven-G reen field  Town Line 
R d., 1 m ile  w est o f Peru Center R d ., Huron County
3 .  D elp h i spur m oraine, B.& 0 . R.R. c u t , e a s t  o f  Old S ta te  R d ., 
R ip ley  Twp., Huron County
k.  S h ilo h  m oraine k n ot, NE^, Sec . 8 , T .23N ., R.19W ., R ich land  Co.
5 . /Wabash m oraine, S l f ,  S ec . k,  T .2 1 N ., R .20W ., Crawford County 
(upper t i l l )
6 . New W ashington spur m oraine, SE :^, S ec . 1 8 , T .23N ., R.20W ., 
Crawford County
7 . la k e  p la in ,  Darrow R d ., V erm ilion  Cwp., E r ie  County
b . One o f th e se  th ree  was a varved s la t e  p eb b le .
EASTEEN LAKES SECTION
The g en era l p h ysiograp h ic  a sp ec t o f  th e  la c u s tr in e  p la in  in  
n orth  c e n tr a l Ohio has been d is c u s se d  (p . 1 8 ) . I t  i s  a u n i t ,  e a s i l y  
d is t in g u is h e d  to p o g r a p h ic a lly , and one which has lo n g  been recogn ized  
as p r e se n t in g  a g r ic u ltu r a l  p o s s i b i l i t i e s  and problem s d if f e r e n t  from 
th o se  e lsew h ere  in  th e  s t a t e .
A EE VIEW 03? EVENTS A3TE.CTING THE EE IE BASIN
The la k e  p la in  b ord erin g  Lake E rie  was overridden  by g la c ia l  ic e  
during a t l e a s t  two s ta g e s ,  I l l in o ia n  and W isconsin , and s t r i a e ,  grooves  
and s im ila r  ev id en ce o f  g l a c i a l  e r o s io n  are to  be found on bedrock, sur­
fa c e s  w ith in  i t s  b o rd ers. T i l l ,  d e p o s ite d  by the g la c i e r s ,  i s  p resen t  
alm ost everyw here, sometimes a t  the su r fa ce  and sometimes o v e r la in  
by la c u s tr in e  sed im en ts.
I
I t  was not g la c ia l  a c t io n , however, which developed  the d i s ­
t in c t iv e  fe a tu r e s  o f  the low land which surrounds Lake E r ie , but ra th er  
subaqueous and sh o r e lin e  p r o c e sse s  in  a s e r ie s  o f  la r g e  g la c ia l  la k e s  
which formed in  fr o n t o f  th e ic e  sh e e t as i t  m elted  back from the  
e a s te r n  h a l f . o f  the U n ited  S ta te s  and southern  Canada,
O rig in  o f  th e  Great Lake B asin s  
The o r ig in  o f  the Great Lake b a s in s  has been th e  su b je c t  o f  con­
tr o v e r sy  in  th e p a s t , and th ere i s  e t i l l  d isagreem ent as to the r e la ­
t iv e  im portance o f  p r e - g la c ia l  stream  a c t io n , g l a c i a l  e r o s io n  and la ­
c u s tr in e  p r o c e sse s  in  shaping the p resen t b a s in s  w hich, w ith  th e  ex­
c e p tio n  o f  the Su perior b a s in , are topographic fe a tu r e s  o n ly . I t  i s
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g e n e r a lly  agreed , however, th a t  th ere  was noth ing comparable to  th e  
p re se n t la k e  system  p r io r  to  th e  P le is to c e n e . During the M esozoic  
and e a r ly  C enozoic stream s carved a number o f e r o s io n  su r fa c es  here in  
the c e n tr a l  p a r t  o f  th e  c o n tin e n t . U p l i f t  or changes in  s e a  l e v e l  
g e n e r a lly  i n i t i a t e d  a new c y c le  b efo re  an advanced o ld  age su rface  had 
been  a ch iev ed . E rosion  was alw ays more rap id  a lon g  th e  b e l t s  o f  weak 
rock and in  th e c y c le  which was in terru p ted  by the advent o f  th e  
g la c ie r s  a p p aren tly  a  wide open low land had a lrea d y  been carved on 
th e upper Devonian and low er M iss is s ip p ia n  b la ck  sh a le  which under­
l i e s  much of th e  M ichigan, Huron and E rie  b a s in s . When th e  ic e  spread  
southward i t  seems to  have been channeled through th ese  sh a le  low lands  
and t h e ir  in f lu e n c e  upon th e movement o f  th e i c e , a t l e a s t  during th e  
W isconsin  g la c ia t io n ,  can be seen  in  the lo b a te  ch a ra cter  o f  the mo­
r a in e s  sou th  o f th e la k e  b a s in s ,
P re-W isconsin  Great Lakes
There i s  ev iden ce which seems to  su g g est th a t in  some o f the 
b a s in s , a t  l e a s t ,  g rea t la k e s  e x is t e d  during in t e r g la c ia l  t im e s . In  
th e O ntario b a s in  th e s e c t io n s  a t  Scarborough B lu f f s  and in  th e Don 
v a l l e y  a t T oronto, which were made famous by the work o f  A. 0. C ole­
man (1933 19^ 1), show la c u s tr in e  sed im ents in terbedd ed  w ith  sev ­
e r a l  la y e r s  o f  t i l l .  Coleman (19^1, p . 88) b e lie v e d  th a t a t  l e a s t  
two in t e r g la c ia l  s ta g e s  were rep resen ted  by th e la k e  c la y s  and san d s, 
and th a t  th e low er o f th e  two s e r ie s  o f  la c u s tr in e  beds was Yarmouth 
in  a ge .
W ithin th e  E rie  b a s in  the- q u estio n  o f in t e r s t a d ia l  la k e s  has 
r e c e iv e d  l i t t l e  stud y  u n t i l  q u ite  r e c e n t ly .  Coleman (1941, pp . 69
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and 70) l i s t e d  the rep orts  o f in t e r g la c ia l  sedim ents in  the E rie  b a s in ,  
h u t, in  th e l ig h t  o f p resen t knowledge concerning W isconsin  s t r a t i ­
graphy in  the lower la k es  r eg io n , i t  seems probable th a t a number o f  
the su sp ected  in t e r g la c ia l  h orizon s which he m entioned are in tr a -  
W isconsin ra th er  than p re-W iscon sin . Dreiraanis and R eavely (1952, 
p . 5) s ta te  th a t some o f th ose mentioned by Coleman as exposed in  the 
c l i f f s  a long the north shore o f Lake E rie appear to  occur w ith in  the 
W isconsin . On such i s  a (g y t t ja . h orizon  exposed near Port S ta n ley , 
Ontario (D reim anis, 1953s-)• This i s  d escr ib ed  as interbedded between  
two t i l l s ,  which Dreimanis c o rr e la te d  w ith  W hite's E arly  and Late Cary 
t i l l s .  The radiocarbon date o f  10 ,900  years p lu s  or minus 4-00 i s  de­
f i n i t e l y  W isconsin , but i t  su g g ests  th a t the upper o f the two t i l l s  
i s  Mankato ra th er  than Late Cary. Other radiocarbon d ates from 
h orizons along th e  north  shore a t  Plum P o in t (Libby, 1951. P» 292) 
and Port T albot (S u ess, 19540 may be p re-W iscon sin , however.
Here in  Ohio C, T. B eg ley  (1953) made a study o f  samples from 
bore h o le s  in  th e Cuyahoga v a l le y  in  C leveland and id e n t i f ie d  a lower 
t i l l ,  which i s  o v e r la in  by s i l t y  la c u s tr in e  c la y , as I l l in o ia n .  I f  
B a g le y 's  c o r r e la t io n  o f  t h is  t i l l  w ith  the I l l in o ia n  advance i s  cor­
r e c t  the lak e sedim ents may be e ith e r  th ose o f  a Sangamon ( i l l i n o i a n -  
W isconsin in t e r s t a d ia l )  or o f  a p ro-T azew ell (e a r ly  W isconsin) la k e .
In the l a t t e r  case  the lak e would be a g la c ia l  lake whose e x is te n c e  
was due to  th e damming o f  drainage by an advancing ic e  sh e e t .
George .White (1953) ba.s recogn ized  in  se v e r a l s e c t io n s  near 
C leveland, I l l in o ia n  t i l l  beneath lam inated s i l t s .  W hite's in t e r ­
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p r e ta t io n  i s  th a t  th ese  s i l t s  may be e i t h e r  Late Cary or p r o -  
T a sew e ll. I t  i s  s t i l l  not known, how ever, from th e se  h i t s  o f  lo c a l  
ev id en ce  whether the w aters in  which th e s i l t s  were d e p o s ite d  were 
o f  an e x te n t to  f i l l  a  la r g e  p a rt o f  th e  E r ie  b a s in  or whether th ey  
were co n fin ed  to  th e  Cuyahoga v a l l e y .
B oss (1950) made a number o f  b o r in g s in  th e  v i c i n i t y  o f  the B ass 
Is la n d s  o f  w estern  Lake E rie  and, a lth ou gh  se v e r a l o f th e  cores went 
to  bedrock , no la c u s tr in e  sed im ents were found b en eath  th e  W isconsin  
t i l l .  T heir absence here does n o t , o f  c o u r se , e lim in a te  th e  p o s s i b i l i t y  
th a t  la c u s tr in e  w aters were p r e se n t e lsew h ere  in  the b a s in . (The B ass 
Is la n d  a rea  i s  u n d e r la in  by r e s i s t a n t  d o lom ite  and th e p re se n t la k e  i s  
sh a llo w  h e r e . ) I t  may a ls o  have been th a t  subsequent i c e  advances 
l o c a l l y  removed a l l  p re-W iscon sin  g la c ia l  and la c u s tr in e  m a te r ia l.
Late W isconsin  H is to ry  of th e E rie  B asin  
Much o f  the ev id en ce  fo r  l a t e  W isconsin  and p o s t - g l a c ia l  h is t o r y  
o f  the la k e  b a s in s  l i e s  on th e su r fa ce  tod ay  so th a t the chronology  
i s  f a i r l y  w e ll  known. T his phase o f  th e  h is to r y  o f  the E r ie  b a s in  
began when the i c e  r e tr e a te d  from th e  Port Wayne m oraine. In t h i s  
r e tr e a t  th e  n o r th -fa c in g  s lo p e  o f th e  d iv id e  which now sep a ra tes  
drainage to  th e Ohio R iver from th a t which u lt im a te ly  f in d s  i t s  out­
l e t  through th e  S t .  Lawrence R iver was uncovered .
Sm all P r o -g la c ia l  Lakes
Presum ably th e  f i r s t  la c u s tr in e  sta g e  was th e  form ation  o f  sm all 
p r o - g la c ia l  la k e s  in  th e low  areas in  fr o n t of the i c e .  These la k e s
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d rain ed  southward to  th e Ohio R iver  when t h e ir  w aters a tta in e d  th e  
e le v a t io n  o f  th e  c o ls  in  th e d iv id e .  S in ce th ere  i s  l i t t l e  ev id en ce  
fo r  t h i s  s ta g e  i t  must "be regarded as  o f  sh o rt d u ra tio n .
Lake Maumee I_
With th e  contin ued  r e t r e a t  o f  the ic e  fr o n t s e v e r a l o f th ese  la k e s  
c o a le sc e d  in  th e w estern  end o f  the b a s in  to  form what i s  c a l le d  Lake 
Maumee 1 . This la k e  was not o n ly  th e f i r s t  d e f i n i t e l y  known wg r e a t H 
la k e  of th e  E r ie  b a s in , but i t  p rob ab ly  was a ls o  the f i r s t  to  form 
in  any o f  th e f iv e  b a s in s  during th e  Late W isconsin . Lake Maumee I 
had a  l e v e l  o f  about 800 f e e t  and d ra ined  to  the Wabash R iver through  
an o u t le t  a t  Eort Wayne, Ind ian a . The maximum e x te n t  o f  t h i s  la k e  i s  
not known. I t  e x is t e d  w h ile , the ic e  fr o n t moved back a co n sid era b le  
d is ta n c e  in  th e  b a s in , th en  readvanced to  b u ild  the D efian ce  m oraine, 
and aga in  r e t r e a t e d ,t h is  tim e to  uncover a  low er o u t le t  and so  
i n i t i a t e  a  new lak e s ta g e .
In d ir e c t  ev id en ce th a t p r io r  t o  the b eg in n in g  o f th e  readvance 
to  th e p o s i t io n  o f th e D efiance moraine Lake Maumee I extended  as a  
la r g e  body o f open w ater in to  th e e a s te r n  end o f  the b a s in  i s  g iv e n  
by th e  f in e r  te x tu re  o f  th e  Late Cary t i l l .  White and Shepps (Shepps, 
1953» P* ^6) p o s tu la te d  th a t t h i s  te x tu r e  may in  p a r t be due to  a 
la r g e  adm ixture o f  la c u s tr in e  m a ter ia l in  th e  d e b r is  c a r r ie d  by the  
Late Cary i c e .  T his h y p o th es is  has r e c e n t ly  r e c e iv e d  support from 
th e  work o f Dreimattitee and E eavely  (1953» P* 253) whose p etro g ra p h ic  
s tu d ie s  show th a t the upper t i l l  in  south w estern  O ntario co n ta in s  
more m a ter ia l o f  the Efi-e b a s in  (both  la c u s tr in e  and sh a le )  than th e
107
lo w er. Presumably d e p o s its  o f Maumee I su p p lied  the la c u s tr in e  c la y  
and s i l t .
Other ”Graat11 Lakes o f th e  E rie  B asin
Follow ing  Lake Maumee I a whole s e r ie s  o f la k e s  i s  reco g n ised  in  
the E rie  b a s in . These are summarized in  Table 71 (p . (.108). A lthough  
t h i s  ta b le  i s  e n t it le d . “Great la k e  S tages in  the E rie  B a sin ” i t  should  
be r e a liz e d  th a t a l l  la k e  s ta g e s  w ith  l e v e l s  above 580 f e e t  in v o lv ed  
the southern end o f the Huron b a s in  as w e l l ,  and th a t when the Grand 
R iver was th e o u t le t  the w aters of the Saginaw b a s in  were a ls o  merged 
w ith  th ose  o f  the E rie  b a s in .
T aylor (L everett and T aylor, 1915. P« 386) b e lie v e d  th a t the  
Lake Wayne sh o re lin e  was b u i l t  by w aters r is in g  from a l e v e l  a t  or 
below  th e  p resen t lake l e v e l .  The Wayne sh o r e lin e  was then  submerged 
as the w ater rose  s t i l l  h igh er  to  th e  Warren l e v e l s .  This sequence has 
been the accep ted  one fo r  many y e a r s , but r e c e n t ly  Hough (1953> PP* 
^6-48) has proposed th a t both  Lake Wayne and the p o s tu la te d  low sta g e  
were intra-W arren. His chronology (Table VI) shows two s u c c e s s iv e ly  
low er Warren s ta g e s  fo llo w in g  Lake W h ittle sey  than a drop in  l e v e l  
o f  an unknown amount to  the pre-Wayne low water l e v e l  f i r s t  p o s tu la te d  
by T aylor. Hough c o r r e la te s  t h is  low water l e v e l  w ith  th e Two C reeks- 
Bowmanville s ta g e  in  the M ichigan b a s in  and subm its th a t t h i s  i s  the  
tim e o f  maximum r e tr e a t  preced in g  the Mankato readvance. Lake Wayne 
then came in to  being  during th e readvance and a t the time o f the  
Mankato maximum when the e a ster n  o u t le t s  were c lo se d  and th e  drainage
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TABLE VI
GREAT LAKE STAGES IK THE ERIE BASIN
-Stage L evel O utlet C o rre la ted  M oraines
Maumee I 800 •£ E t. Wayne, Ind. D efian ce
Maumee II 760 ' £ n o rth  of Im lay, 
Mich.
_? -
Maumee I I I 7 7 5 -7 8 5 '£ Im lay and (? )E t .  
Wayne
E l in t ,  M ilverton  and 
I n g e r s o ll
Arkona I 708- 7 1 0 ' Grand R iv er , 
Mich.
C hesaning, Wyoming I and 
T illso n h u rg
Arkona. II 690- 69k' Grand R iv er , 
Mich.
N. C hesaning, Wyoming II  
and P a r is
W h ittle sey 735-7>*0' ITbly, Mich. P ort Huron, Wyoming I I I ,  
G alt and Ham "burg
Warren I 690'£ Grand R iv e r , 
M ich.
Bay C ity , Singkampton 
and W aterloo.
Warren II 6 8 0 'ji Grand R iv er , 
Mich.
Tawas, G ih ra lter  and 
N iagara
— low l e v e l - -  5 70 '£ - ? -N iagara  R. - ? -
Wayne €>55* £ sou th  of Syracuse, 
N.Y.
- ? -
Warren I II 675' £ Grand R iv er , 
Mich.
Vinemount, Oswego, N iag­
ara  and edge of ValderA
— low l e v e l -  
Lundy
-  5 7 0 '£ - ? - - ? -
; ■GrgiBsmere 635-&*0'£ south  o f Syracuse,
N.Y. - ? -
E lkton 615-62Q'£ south  o f S yracuse, 
N.Y.
- ? -
unnamed 590-600* £ south  o f Syracuse, 
N.Y. (? )
- ? -
E rie  I 5 7 0 '£ Nijagara R. ( i c e  no lo n g er  d ir e c t ly  
in f lu e n c e s  th e  E rie  "basin)
E rie  II 51*0-550 N iagara R .‘
E r ie  I I I 5 7 0 '£ N iagara R.
Erl:e IV 56 o '£ N iagara R.
E r ie  V 5 7 0 '£ N iagara R.
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o f  the la k e s  was once aga in  through th e  Grand H ives a  th ir d  phase o f 
Lake Warren e x is t e d  in  the E r ie  b a s in .
The c o r r e la t io n  o f Lake Warren in  th e E rie  b a s in  and th e  Mankato 
maximum in  the M ichigan b a s in  i s  in  agreement w ith  B retz  (1951s-) who 
has shown th a t ,  co n tra ry  to  p rev io u s  o p in io n , th e  P ort Huron moraine 
and the! la k e  which i t  dammed (Lake W h ittle se y ) were e a r l i e r  than th e  
Mankato (V a ld ers)- maximum.
Another low  w ater s ta g e  p reced in g  Lake Lundy i s  a ls o  shown in  
th e t a b le .  T his i s  p o s tu la te d  here to  e x p la in  the sequence o f  de­
p o s i t s  observed in  th e  C a s ta lia  P r a ir ie  o f  north w estern  E rie  County. 
(See p .  1 5 3 .)
The name "Lake E rie"  i s  a p p lie d  when th e  w aters o f the E rie  
b a s in  f i n a l l y  escaped  th e d ir e c t  in f lu e n c e  o f  the i c e ,  drained  over  
N iagara P a l l s ,  and became sep arated  from th e w aters o f  the Huron 
b a s in . I t  w i l l  be n o ted , however, th a t changes in  l e v e l  are shown 
w ith in  the Lake E rie  p e r io d . Taylor (L ev ere tt and T ay lor , 1915> 
pp. Il42, ^62 and diagram p . 397) a ss ig n ed  th e se  low -w ater s ta g e s  to  
th e  tim e o f  Lake Algonquin II  and the. N ip is s in g  Great Lakes in  th e  
upper b a s in s  when the drainage o f  th e  upper la k e s  was d iv e r te d  a cro ss  
th e  O ntario p e n in su la . T aylor e stim a ted  th a t 85 p er  cen t o f  the t o t a l  
Lake E rie  o u tflo w  i s  u lt im a te ly  d er iv ed  from th e  upper la k e s .  A 
d ecrease  o f  t h i s  much in  the t o t a l  d isch a rg e  volume would mean some 
lo w erin g  o f  la k e  l e v e l  and he b e l ie v e d  th a t a d d it io n a l lo w erin g  was 
p o s s ib le  because o f  th e  bottom  c o n fig u r a t io n  o f  the N iagara R iver  
ch an n el: "Where N iagara R iver p a s se s  over th e le d g e s  o f  the Onon­
daga lim esto n e  a t B lack  Rock i t s  channel co n ta in s  a  narrow and ra th er
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deep p assa g e  which p r o b a b l y  c a r r ie d  th e whole o f  th e  stream  a t  th e  
low  s ta g e s ,  and t h is  r e s u lte d  in  a lo w erin g  o f  th e la k e  l e v e l  more 
than i f  th e  s i l l  had been  broad and even 11 ( ib id  p .  4 4 2 ) .
A w e ll-d ev e lo p ed  o ld  sh o r e lin e  near Fort E r ie , O n tario , i s  p a rt  
o f  T a y lo r ’s ev id en ce  ( ib id ,  pp . 443-444  and 465) £ ° r w ater s in c e  
th e  N iagara o u t le t  was l a s t  opened. F ort E rie  i s  n o r th  o f  the Algon­
quin h in ge l in e  and th e beach i s  t i l t e d  so th a t i t  can be fo llo w ed  
o n ly  fo r  a sh o rt d is ta n c e  to  th e  w est. T aylor p o in te d  out th a t i t s  
c o n tin u a tio n  cou ld  be th e  submerged beach rep orted  by M oseley from  
th e  Sandusky a rea , but h e . f e l t  th a t th e  Fort E rie  sh o r e lin e  shou ld  
be more d e e p ly  submerged h ere . M o se ley 's  submerged beach would p re ­
sum ably, th e r e fo r e , r ep re sen t a  second and la t e r  low  s ta g e .
The moraine c o r r e la t io n s  shown in  Table VI are dependent upon 
th e acceptance o f  B r e tz 's  (1951) th eory  th a t  dow ncutting o f  o u t le t s  
took  p la c e  during r e tr e a ts  o f the ic e  and s t a t i c  l e v e l s ,  r e g is te r e d  
in  s h o r e l in e s ,  occurred when the ic e  readvanced. The m oraines l i s t e d ,  
th e r e fo r e , are th ose  which are b e lie v e d  to  mark the f a r th e s t  read­
vance du rin g any one la k e  s ta g e . The c o r r e la t io n s  th em selves are 
based la r g e ly  on the rec e n t work of Chapman and Putnam (1951) in  
O ntario , B retz  (1951) in  M ichigan, and F a ir c h ild  (1932) in  New York.
SHORELINES OF THE VARIOUS LAKE STAGES IN NORTH CENTRAL OHIO
On Pla,te I the h ig h er  s h o r e l in e s ,  i . e .  Warren and above, as 
shown fo r  the V erm ilion , B e lle v u e , and Sandusky quadrangles are 
e s s e n t i a l l y  as mapped by Dr. Frank Carney (1911 . 1913 and f i e l d  m aps).
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I have added the Wayne and Lundy s h o r e lin e s  and the W h ittle sey  and 
Maumee beaches w ith in  the Huron R iver embayment on th e Norwalk and 
Siam quadrangles.
I d e n t i f ic a t io n  o f  S h o re lin es  
She work o f  L ev erett and T aylor as w e ll as th a t o f  Carney e sta b ­
l is h e d  th e fa c t  th a t w est o f  A sh tabu la , Ohio, the abandoned s h o r e lin e s  
on th e  south ern  s id e  o f th e B rie  b a s in  are e s s e n t i a l l y  h o r iz o n ta l .
T his r eg io n  th us has ap p a ren tly  not been  a f f e c te d  by the c r u s ta l  move­
ment which has t i l t e d  th e  beaches a t th e e a s te r n  end o f th e  E rie  b a s in  
and th ose  o f  the upper la k e  b a s in s . That statem ent may not be tru e  
fo r  the tim e o f  Lake Maumee I ,  but ev id en ce  fo r  the p resen ce  o f  t h i s  
la k e  e a s t  o f  F in d la y , Ohio, i s  too  s c a t te r e d  and q u estio n a b le  to  a llow  
any measure o f  u p l i f t .  T aylor (1915» PP« 337 and 3^3-3^8) noted  two 
e x ce p tio n s  to  the h o r iz o n t a l i t y  o f  the l a t e r  Maumee beaches a ls o  
(near F in d la y  and on th e O berlin  quadrangle) but th ese  are lo c a l  
d ep artu res and do not appear to  be p a r t o f  the g en era l upwarping to  
th e  n o r th e a s t . I t  i s ,  th e r e fo r e , q u ite  s a t i s f a c t o r y  to  id e n t ify  th e var­
io u s  s h o r e lin e s  here in  B r ie  and Huron c o u n tie s  on th e  b a s is  o f  th e e l e ­
v a tio n s  g iv e n  in  Table VI. (S ee , however, pp . 1 5 ^ -1 5 7 .)
Huron R iver Embayment 
J u st wast o f  the B erea escarpm ent in  so u th ea ste rn  B rie  County a 
ra th er  sharp in d e n ta tio n  o f th e sh o r e lin e s  i s  p re se n t fo r  a l l  la k e  
l e v e l s  above th e p resen t one. The names "Huron R iver embayment" 
and "M onroeville embayment" were u sed  by  Dr. Carney a t v a r io u s tim es  
to  r e fe r  to  t h i s  a rea . S ince the Huron R iver  en tered  the la k e s  through
112
t h i s  hay and. was a prim ary fa c to r  in  c o n tr o l l in g  th e  sed im en ta tio n  
w ith in  th e a rea , th e term  "Huron R iver embayment" seems th e  more 
ap p rop riate  o f  Dr. Garney's two term s and i t  w i l l  be u sed  h ere . The 
body o f  w ater w ith in  t h i s  area  a t  th e  v a r io u s  la k e  s ta g e s  may th en  be 
r e fe r r e d  to  a s  "Huron Bay".
In teim s o f bedrock the embayment rep re sen ts  an a rea  o f low er  
e le v a t io n  carved out o f  the b la c k  sh a le  b e l t .  While the bay e x is t e d  
th e  b e l t  o f  more r e s is t a n t  lim esto n e s  to  the w est was fr e q u e n tly  ex­
p ressed  e i t h e r  by a northeastw ard tren d in g  p e n in su la  or a  s t r in g  o f  
i s la n d s .  The e a s te r n  edge o f  the embayment was c o n tr o lle d  by th e  
p o s i t io n  o f  th e  B erea escarpm ent.
Maumee I_
The tim e during which Maumee I e x is t e d  may be d iv id e d  in to  th ree  
p h a ses: f i r s t ,  o r ig in  to  maximum e x te n t;  second , tim e o f  shrinkage
as ic e  readvanced to  th e  p o s i t io n  o f  th e  D efian ce  m oraine; and th ir d  
p h ase , enlargem ent o f  la k e  b e fo re  a r e tr e a t in g  ic e  s h e e t .  T his l a s t  
phase ended when th e ic e  had r e tr e a te d  f a r  enough to  uncover an out­
l e t  low er than th a t a t  Port Wayne and so b r in g  a  new s ta g e  in to  b e in g .
S h o re lin e s  d eveloped  during th e  f i r s t  and second ph ases in  a 
p o s i t io n  now w ith in  th e  loop  o f the D efian ce  moraine w ere, o f  co u rse , 
d estro y ed  by th e  readvance to  th a t  m oraine. These fe a tu r e s  formed 
during the th ir d  phase sh ou ld , how ever, be r e a d ily  id e n t i f ia b le .  
L ev ere tt and T aylor (1915> PP. 33^-335) found a w e ll-d e v e lo p e d  Maumee 
I sh o r e lin e  on th e  back s lo p e  o f th e  D efian ce  in  M ichigan, but d id  
not observe any in  a  s im ila r  p o s i t io n  in  Ohio. T aylor (1915 , p . 335)
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su g g ested  th a t  the absence here was the r e s u l t  o f  overlap p in g  or 
d e s tr u c t io n  hy th e  w aters o f  Maumee I I I ,  Such an e x p la n a tio n  may he 
a p p lic a b le  where the lakeward s lo p e  i s  r e l a t i v e l y  s te e p , hut where i t  
i s  so g e n t le  th a t th e  app roxim ately  20 f e e t  o f  d if fe r e n c e  in  th e  e l e ­
v a t io n  o f the two la k e  l e v e l s  i s  spread over a  m ile  or more, such  
d e s tr u c t io n  does not seem l i k e l y .  Under c o n d it io n s  o f  v ery  g e n t le  
s lo p e  i t  i s ,  o f  co u rse , p o s s ib le  th a t the o f f  shore zone was to o  
sh a llo w  to  a llo w  the tr a n sp o r ta tio n  o f  beach  m a te r ia ls . In  some a rea s  
a ls o ,  p a r t ic u la r ly  th o se  near th e  major stream s, d i s s e c t io n  o f  th e  up­
la n d  by sm all t r ib u t a r ie s  may have d estro y ed  the s h o r e lin e s .
The t o t a l  la c k  o f  a  recogn ized  Maumee I s h o r e lin e  in  north  c e n tr a l  
Ohio cannot be accounted fo r  in  t h i s  manner, however, fo r  the c o n d it io n s  
su g g ested  above are e s s e n t i a l l y  lo c a l  and as such a ls o  app ly to  the  
l a t e r  l&ke s ta g e s  fo r  w hich, g e n e r a lly  sp eak in g , we do have a  w e l l -  
developed  sh o r e lin e  reco rd . T h erefore , i f  no ev id en ce  o f  a Maumee I 
s h o r e lin e  hhd been  found th e  c o n c lu s io n  would n e c e s s a r i ly  have been th a t  
i n i t s  th ir d  phase Maumee I d id  n o t cover t h i s  area  fo r  any le n g th  o f  
tim e . There i s  some ev id en ce fo r  i t s  e x is t e n c e  h e r e , however.
P o s s ib le  Sh orelin e  F eatu res
Although Dr. Carney d id  not m ention th e  h ig h e s t  Maumee I shore  
(Mis " h ighest Maumee" i s  th e Maumee I I I  stage)} he d id  map se v e r a l  
sand r id g e s  in  e a ste r n  E r ie  County j u s t  so u th e a s t  o f  B e r lin  H eights  
w hich, I b e l i e v e ,  b e lon g  to  th e f i r s t  s ta g e  o f  Lake Maumee. (See  
P la te  I ) )  A sm all dune tr a c t  l i e s  sou th  o f  th e beach r id g e s .
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W ithin the Huron R iver embayment se v e r a l more q u estio n a b le  remnants 
are a ssig n ed  to  t h is  s ta g e . In southw estern  Peru and so u th ea stern  Sher­
man tow n sh ip s, Huron County, th ere  i s  a  sh ort sand r id g e  about fo u r -ten th s  
o f  a m ile  lon g  on the upland j u s t  west o f  th e West Branch o f  th e Huron 
R iver. At i t s  w estern end i t  i s  connected to  a  "step" cut in to  the b ack -  
s lo p e  o f  the D efiance m oraine. The e le v a t io n  o f th e sand ridge a t i t s  
h ig h es t p o in t i s  approxim ately 810 f e e t  (by hand l e v e l  from a r a ilr o a d  
bench mark), landv th a t a t  th e  base o f the " step 1^  814 f e e t .  These are  
t e n t a t iv e ly  id e n t i f i e d  as a  wave-cut c l i f f  and a s p i t  b u i l t  out from i t  
acro ss  the mouth o f  the Huron R iver.
S t i l l  w ith in  the embayment, but a t i t s  so u th ea stern  end sou th  o f  
S ettlem en t Road in  n o rth ea stern  Peru tow nship , i s  an area  o f  dunes.
The dunes th em selves a r e , I  b e l ie v e ,  the r e s u lt  o f accum ulation a t the  
tim e o f th e Maumee I I I  s ta g e , but a lon g  th e  so u th ea stern  edge o f th e  
tr a c t  are k n o lls  o f  coarser  m a ter ia l a t  about 800-810 f e e t  e le v a t io n .
The p o s it io n  i s  about on the B erea-Bedford co n ta c t and near th e north  
end o f  the Norwalk e sk e r . No w e ll-ex p o sed  s e c t io n  was a v a ila b le  and 
no bedding was observed. The k n o lls  are about seven  t o  ten  f e e t  h igh  
and c o n s is t  o f  coarse sand and g r a v e l. D is s e c t io n  here has been grea t  
enough to  d estro y  any c o n tin u ity  in  the d e p o s it s ,  so whether th ey  are 
remnants o f  th e  Maumee I sh o r e lin e  or have a s u b -g la c ia l  o r ig in  and 
are a s so c ia te d  w ith  the Norwalk esk er  i s  u n ce r ta in .
South and w est o f  B e llev u e  windblown sand ccovers the su rface  fo r  
se v e r a l m ile s  south  o f  th e Maumee I I I  beach. Dr. Carney (1913> P» 237) 
p o s tu la te d  th a t t h is  sand m antle so fa r  behind the h ig h es t beach was
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th e  r e s u lt  o f  more e x te n s iv e  w aters than  Maumee I I I .  Presumably th ese  
w aters would he th e se  o f  Maumee I .
The ev id en ce  fo r  Lake Maumee I during i t s  th ir d  phase i s  c e r t a in ly  
s c a t te r e d  and much o f  i t  i s  q u e s t io n a b le , but I b e l ie v e ,  th ere i s  j u s t i ­
f i c a t io n  fo r  th e statem ent th a t th e  e a r ly  Maumee la k e  d id  cover t h i s  
area  fo r  a sh ort tim e as th e  ic e  r e tr e a te d .
Maumee I_ D e lta  o f  the Huron R iver
R eference was made in  the d is c u s s io n  o f the D efian ce  moraine (p .
3 8 ) to  an area  in  northern G reen fie ld  and south ern  Peru tow nships where 
the topography may be c h a ra c ter ized  as r o l l in g .  L ev erett (1902, p . $88 
and P I. X III) in c lu d ed  t h is  w ith in  the boundaries o f  the D efiance mor­
a in e . My in te r p r e ta t io n  i s ,  however, th a t th e su rfa ce  here i s  the re ­
s u l t  o f  d e s tr u c t io n a l p r o c e sse s  ra th er  than  c o n s tr u c t io n a l.
E vidence fo r  a Buried D e l t a : W ithin t h i s  area  auger h o le s  and exposures
v ery  fr e q u e n tly  r e v e a l medium gra in ed  to  coarse sand a t or c lo s e  to  the 
s u r fa c e . S ev era l s e c t io n s  showed lam inated  s i l t ,  f in e  sand, and c la y .
The so rted  m a ter ia l which seems to  exten d  from th e  v i c i n i t y  o f  Steuben  
northward to  the Maumee I I I  beach i s  ap p a ren tly  a continuous d e p o s it  
w ith  a g e n t le  northward s lo p e  (P I. XXV). The in te r p r e ta t io n  here 
o ffe r e d  i s  th a t i t  rep resen ts  a  d e l t a  o f  th e Huron R iver b u i l t  during  
the e a r ly  p h ases o f  Maumee I and su b seq u en tly  b u ried  under a th in  
cov er in g  o f  t i l l  as the ic e  advanced to  b u ild  the D efian ce  m oraine. 
D is s e c t io n  o f  D e lt a : The g r ea ter  p a rt o f  the d is s e c t io n  which g iv e s
th e area  i t s  r o i l in g  ch a ra cter  today i s  b e lie v e d  to  have occurred when 
b ase l e v e l  stood  nearby d u rin g  Maumee I I I ,  (See pp. l ^ - l ^ S . )
A/
—  —— P ro jected  surface of Late Cary t i l l  sh eet
.................  P o stu la ted  su rface of “buried d e lta
L ocation of s e c t io n  wnere d e lta ic  d e p o s its  observed along  
l in e  of p r o f i l e .
P r o f i l e  a lon g  buried  d e lta  in  Peru and G reen fie ld  tow nships, 
Huron County.
IX?
Maumee I I  and I I I  
The beaches marking the l e v e l s  o f  Maumee II  and I I I  e n te r  Huron 
County in  the northw estern  c o m e r  a t B e lle v u e . At the county l i n e  th e  
in d iv id u a l beaches are somewhat obscured by dunes as w e ll  as by s in k  
h o le  topography.
Maumee I I I  S h o re lin e  West o f  th e B erea Escarpment
A fte r  c r o s s in g  th e  W heeling and Lake E rie  B a ilro a d  at th e e a s te r n  
edge o f  B e llev u e  U .S . 20 fo llo w s  th e  upper beach as fa r  as the Sand 
Road in t e r s e c t io n  where the tren d  o f  the sh o r e lin e  bejdds ab ru p tly  
southward in to  the Huron R iver  embayment. Between B e llev u e  and Sand 
Road th e  beach c o n s is t s  la r g e ly  of f in e  sand. Hear the e a ster n  end 
some sh a le  g r a v e l o ccu rs .
Southward from U. S. 20 a long the w estern  s id e  o f th e  embayment 
to  P o n tia c  the Maumee I I I  shore i s  a w e ll-d e v e lo p e d  beach r id g e , which 
serv es  as the s i t e  o f  H i l l  Road. In  th a t p o r tio n  between U .S . 20 and 
S ta te  Route 5^7 th e h e ig h t o f  th e r id g e  i s  augmented by dunes, and 
from Opperman Road south  to  Erink Run th ere  are two beach r id g e s , the  
second or westernm ost a ls o  b e in g  covered  w ith  dunes. An accum ulation! 
o f  b ou ld ers in  fr o n t o f  the easternm ost r id ge  g iv e s  ev id en ce o f  e f ­
f e c t iv e  wave e r o s io n  near sh o re .
The c o n t in u ity  o f  the Maumee I I I  sh o r e lin e  i s  broken fo r  about 
a m ile  so u th ea st o f  Prink Creek, but from the Sherman-Peru township  
l i n e  to  P o n tia c  th ere  i s  a good sand beach . Prom the v a l le y  o f S la te  
Run a t P o n tia c  to  the upland e a s t  o f  the E ast Branch o f the Huron 
R iver o n ly  d isco n tin u o u s  segm ents mark the l e v e l  o f  Maumee I I I .  T his
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i s  in  c o n tr a s t to  th e Maumee I I  "beach here in  th e south ern  end o f the  
embayment. The l a t t e r  i s  u n u su a lly  s tro n g  and shows l i t t l e  e f f e c t  
from rew orking by th e waves o f th e  h igh er  Maumee I I I .
Bettfeen Cole Creek and th e  E ast Branch a  sharp beach r id ge i s
p re se n t a t th e m iddle Maumee l e v e l  and p ro v id es  th e s i t e  o f  G arrison  
Road. E ast o f  Cole Creek i t  co n tin u es  as ah e a s i l y  d is c e r n ib le  r id g e  
through th e  south ern  o u t s k ir t s  o f  the town of Norwalk. At th e  r e s e r ­
v o ir  in  th e so u th ea stern  s e c t io n  o f  th a t town th e two b each es, Maumee II  
and I I I ,  are l e s s  than tw o -ten th s  o f  a m ile  apart and th ey  contin ue  
northeastw ard a lo n g  th e  edge o f  the B erea escarpm ent in  c lo s e  p ro x im ity .
Maumee I I  S h o re lin e  West o f  th e  B erea Escarpment
The Maumee I I  sh o r e lin e  in  t h i s  same r eg io n  i s  u n u su a lly  w e ll  
p reserv ed  fo r  a beach th a t underwent submergence subsequent to  i t s  
developm ent. (See P I . XXVI, E ig . 1 ) E ast o f  Bedlevue i t  can be 
tr a c ed  a long S ta te  Route 113 fo r  about a  m ile  beyond Strongs Ridge 
( in t e r s e c t io n  w ith  S ta te  Route 4 ) .  At Strongs Ridge i t  c o n s is t s  o f  
a  c l i f f  cut in to  the Prout lim esto n e  member o f  th e Plum Brook s h a le .
T his c l i f f  i s  c e r t a in ly  one o f  the prom inent fe a tu r e s  o f the la c u s t ­
r in e  p la in  in  t h i s  area  and i s  r e a d ily  d is c e r n ib le  to  any one t r a v e lin g
a lon g  e i th e r  s t a t e  ro u te s  I I 3 or 4 .  M a teria l a t th e base o f  the c l i f f  
i s  sand and coa rse  co b b le .
In  th e  area  betw een S ta te  Route 113 and U. S. 20 where the Maumee 
I I  sh o r e lin e  i s  tren d in g  southward in to  th e  embayment, th ere  i s  a 
s e r ie s  o f  sh o r t d isco n tin u o u s beach segm ents. Dr. Carney ( f i e l d  n o te s )
11*
-P I. XXVI
P ig . 1 -  Maumee II  sh o r e lin e  e a s t  o f  B e llev u e
P ig .  2 -  View northward from Maumee I I I  'beach to  
"beach o f Maumee I I ,  southw est of B e r l i n v i l l e .
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in te r p r e te d  th e  co n d it io n s  here as showing th e  lakeward growth o f  th e  
lan d  through s ta g e s  o f  o ff -sh o r e  bar and s p i t  developm ent.
In north ern  Peru Township sharp sand r id g e s  on the uplands between  
the r iv e r  v a l le y s  rep resen t the lo w e st Maumee l e v e l .  One such segment 
between the B ast Branch o f th e Huron E iver and Cole Creek i s  u t i l i z e d  
as the s i t e  o f  Johnson Road. Along the southern  edge o f Norwalk, north  
o f  the County Home th e Maumee I I  beach has a washed appearance, but a t  
th e r e s e r v o ir  aga in  p r e se n ts  a sharp p r o f i l e .
Lower Maumee S h o re lin e  a long th e  B erea Escarpment
Prom Norwalk to  B e r l in v i l l e  th e  two Maumee beaches are l e s s  than
th r e e -te n th s  o f  a m ile  apart and th e  d ep ress io n  betw een them fr e q u e n tly
co n ta in s  muck d e p o s its  which are u sed  fo r  sm all tru ck  gardens.. (P I.
XXVI, P ig , 2 ) .  Throughout alm ost t h i s  e n t ir e  d is ta n c e  both  shore­
l in e s  are sh o r e lin e s  o f  d e p o s it io n , th e  m a ter ia l b e in g  t y p ic a l  beach  
sand w ith  l i t t l e  coarse m a te r ia l. One known e x ce p tio n  i s  found where 
S ta te  Route 601 c r o sse s  th e upper beach . The B erea sandstone i s  very  
c lo s e  to  th e su rfa ce  and a t th e  tim e o f  Maumee I I I  th ere  was probably, 
a low  c l i f f  h ere .
Por about two and a h a l f  m ile s  southw est o f  B e r l i n v i l l e ,  S ta te  Route 
6 l  fo llo w s  a long the top o f  th e m iddle Maumee beach r id g e . Dunes cap 
the r id ge  and wind blown sand covers the su rface  fo r  some d is ta n c e  
back o f the r id g e .
I f  we co n sid er  a rough tr ia n g le  whose a p ic e s  are marked by  
M ilan, B e r l in v i l l e  and E ast Norwalk, we have an a rea  in  which the
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Warren, W h ittle sey  and Maumee branches are converg in g  toward th e  north­
e a s t .  In t h is  a rea  a l l  are w e ll-d e v e lo p e d  sandy r id g e s  and th ere  i s  
co n s id era b le  dune accum ulation  a s s o c ia te d  w ith  th e  b ea ch es. She top o­
graphy in  fa c t  i s  la r g e ly  th e  r e f l e c t io n  o f dune forms on and betw een  
th e  b each es. Such an accum ulation  o f  wind blown m a ter ia l i s  common alon g  
the southern  sh ores o f  th e B r ie  b a s in  when th e beaifihes fa ce  north w est­
ward in to  the p r e v a il in g  w inds. C ond itions are p a r t ic u la r ly  fa v o ra b le  
h ere , o f  co u rse , because o f  th e  ample su p p ly  o f  sand fu rn ish ed  by near­
by outcrops o f the B erea san d ston e.
Erom. B e r l in v i l l e  to  the e a s te r n  l im it s  o f  E rie  County the low er  
and m iddle Maumee branches l i e  on top o f  th e B erea escarpm ent. Areas 
o f  sh a llo w  bedrock which were p r e se n t a s sh o a ls  or sm all is la n d s  have 
c o n s id e ra b ly  in c r ea se d  th e c o m p le x it ie s  o f the b ea ch es. Both shore­
l i n e s  are marked by wave tra n sp o rted  m a ter ia l o f  co n sid era b le  co a rse ­
n e s s ,  so  th a t a g r ic u ltu r a l ly  th ey  are b e s t  s u ite d  f o r  orchard s.
S tre tc h in g  MW from A x te l fo r  one and a  qu arter m ile s  a lo n g  the  
top  o f th e escarpment th ere  i s  a s p i t  made up o f th e  coarse  co b b le .
I t  m ight b e t t e r  perhaps be d e scr ib ed  as a tom bole, fo r  i t  seems to  have 
t i e d  th e h e ig h t o f  land  on th e  B erea outcrop a t  th e in t e r s e c t io n  o f  
Thompson and Barrow Roads to  the m ainland. This undoubtedly was above 
w ater during the Maumee I I  s ta g e  but during the h igh er  w ater o f Maumee 
I I I  i t  was more l i k e l y  a sh o a l. The su r fa ce  m a ter ia l here i s  a lm ost 
e n t ir e ly  coarse  pebb le m a ter ia l which i s  but s l i g h t l y  rounded.
Maumee I s la n d s  in  W estern E rie  County
In a d d it io n  to  t h i s  is la n d  on th e  B erea outcrop a t th e  tim e of  
Lake Maumee, two sm all areas on the bedrock h ig h s in  the v i c i n i t y  o f
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C a sta lia  a ls o  stood  above w ater. The la r g e s t  o f  th e se  l i e s  on the 
p resen t Sandusky-Erie county l i n e  and i s  m entioned below  as the t i p  
o f  a  'W hittlesey l e v e l  promontory, (p . 12h ) .  The su r fa ce  here i s  
covered  w ith  wind blown sand and th e Maumee sh o r e lin e  i t s e l f  i s  in d i­
ca ted  by c l i f f s  along- the northern  and e a ster n  s id e s .  Northeastward  
in  th e d ir e c t io n  o f  s t r ik e  l i e  two o th er  h i l l s  o f  Columbus lim e s to n e . 
(See P I . I )  The southernm ost o f  th e se  formed an is la n d  a t l e a s t  dur­
in g  th e  p e r io d  o f  Maumee I I .  The north ern  h i l l  was undoubtedly a  
sh o a l area  during t h i s  p e r io d , and the sand co v er in g  th e h i l l  appears to  
be wind d e p o s ite d  and as such accum ulated during th e  Lake W h ittle sey  
s ta g e .
Arkona Lakes
The fa c t  th a t  th e  Arkona beaches rep resen t tem porary h a lt s  when 
the lake l e v e l  was b e in g  low ered by the e r o s io n  o f  the o u t le t  means 
th a t th ey  were probably not to o  w e ll d eveloped  to  b eg in  w ith . T heir  
subsequent submergence beneath  the w aters o f  Lake W h ittle sey  then  
m od ified  or com p lete ly  d estro y ed  whole segm ents. These fa c to r s  p lu s  
the c lo s e n e s s  o f  the beaches to  the la t e r  Warren l e v e l s  undoubtedly  
account fo r  th e  weak and fragm entary nature o f  th e sh o r e lin e s  a s s ig n ­
ab le  to  the Lake. Arkona in t e r v a l  in  th e E rie  b a s in .
On the B e llev u e  quadrangle in  w estern  Sandusky County a d i s ­
contin uous r id g e  ju a t above the main Warren beach may b e lon g  to  t h i s  
la k e  s ta g e  (Carney, 1913. p . 2^5 and L e v e r e tt , 1902, p . 7 6 ^ ). I t  
does n o t seem to  have th e  c h a r a c t e r is t ic s  o f  a submerged beach , how­
e v e r , and I b e l ie v e  th a t i t  probab ly  rep re sen ts  a Lake Warren l e v e l .
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A ra th er  c a r e fu l sea rch , w ith  th e  a id  o f  the s o i l s  map o f  Huron 
County, w ith in  the a rea  o f  th e Huron embayment d id  not r e v e a l any 
beach r id g e s  a t  th e Arkona l e v e l  or areas o f  beach send spread out 
by waves a t  or near the 69k t o  710 fo o t  e le v a t io n s .  The c o n d it io n s  
h e r e , as w e ll  as in  the reg io n  n o r th ea st o f  B e lle v u e , are not p a r t ic ­
u la r ly  fa v o ra b le  to  th e form ation  o f sh o r e lin e  f e a t u r e s ,  however. There 
i s  a  very  g e n t ly  s lo p in g  su rfa ce  and bedrock i s  c lo s e  to  the su r fa c e .
In the C a s ta lia  v i c i n i t y  i t  i s  q u ite  p o s s ib le  th a t  th e c l i f f s  
a ssig n ed  to  the Lake Warren s ta g e  may be in  p a rt the work o f  Arkona 
w aves. In l ik e  manner the c u t t in g  o f  the Lake Warren c l i f f s  a lon g  
the fr o n t  o f the B erea escarpment may have d estro y ed  any ev id en ce o f  
Arkona sh o r e lin e s  th e r e .
There do seem to  be s e v e r a l sh o rt beach segm ents in  B r ie  County, 
which are a ss ig n a b le  to  th e  p e r io d  o f  the Arkona s ta g e s ,  however. One 
l i e s  j u s t  w est o f Sand H i l l  in  north ern  Groton Township. I t  i s  a  low  
fragm entary Sand r id ge  a t an e le v a t io n  o f  about 710 f e e t .  In V erm ilion  
Township a low t i l l  c l i f f  w ith  coarse wave-worked g r a v e l a t  i t s  base  
i s  p re se n t a t  t h i s  upper Arkona l e v e l  a l s o .  (See P I. I )
Lake W h ittle sey
The g en era l sta tem en t th a t  a lon g  the south ern  shore o f  Lake B rie  
th e W h ittle sey  sh o r e lin e  i s  one o f the b e s t  developed  c e r ta in ly  h o ld s  
true in  th e  a rea  o f  t h i s  stu d y .
M ainland Shore
A cross e a s te r n  Sandusky County from Clyde to  the B rie  County 
l in e  the ch a ra cter  o f the W h ittle sey  beach as  w e ll  as i t s  trend i s
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rem arkably c o n sta n t. Hear Clyde th er e  are sometimes two r id g e s ,  
sep ara ted  by s e v e r a l hundred y ard s. The northernm ost r id g e  i s  con­
tin u ou s throughout th e  e n t ir e  d is ta n c e  and p ro v id es  th e  s i t e  fo r  
County Eoad 175. A la y e r  o f woody m a ter ia l which occurs a t  the base  
o f  the beach d e p o s it  here i s  o f  p a r t ic u la r  in t e r e s t .  (See p . 1 6 5 )
At th e  E r ie  County l in e  t h i s  s t r e t c h  o f W h ittle sey  sh o r e lin e  
cu lm in ates in  a promontory o f  Columbus lim e s to n e . The bedrock h ig h  
here has a lrea d y  been m entioned (p .122) as form ing an is la n d  during  
th e Maumee 'II  and I I I  s ta g e s ,  B ather b o ld  c l i f f s  are p resen t a t  the  
W h ittle se y  l e v e l  on the northward fa c in g  sh o r e , but a lon g  the e a s t ­
ern  and so u th ea stern  s id e  the sh o r e lin e  i s  marked by d e p o s its  o f  
co b b le , g r a v e l and sand, the m a ter ia l becoming p r o g r e s s iv e ly  f in e r  
southward and away from the c l i f f s .  South and e a s t  o f  S ec . 11 , York 
Township (Sandusky County) th ere  i s  no ev id en ce  o f  a W h ittle sey  shore­
l i n e  fo r  about f iv e  m ile s .  The area  in v o lv ed  i s  one o f  organic s o i l s  
cov er in g  sh a llo w  lim esto n e . I t  appears th a t  during th e  p er io d  o f  
Lake W h ittle sey  th e  sh a llow  w aters hare were p r o te c te d  from th e d ir e c t  
fo r c e  o f  th e wind and waves by the promontory and s e v e r a l is la n d s  so  
th a t marsh c o n d it io n s  e x is t e d .
Just e a s t  o f  the Columbus-Sandusky Eoad (S ta te  Boute 4 ) a low  
r id g e  i s  apparent a t  th e  740 fo o t  l e v e l .  The r id g e  becomes stron ger  
eastw ard to  North M on roev ille  where i t  bends southward in to  the em­
bayment. At th e  p o in t where th e d ir e c t io n  changes from e a s t  to  sou th  
a s p i t  d eve lop ed . I t s  f i r s t  growth was toward the n orth w est, b u t  
w ith in  a qu arter m ile  o f  th e main sh o r e lin e  th ere  i s  an abrupt change 
to  a n o r th e a s te r ly  d ir e c t io n . The to ta .l le n g th  o f  th e s p i t  i s  about
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one and th re e -q u a rte r s  m ile s ,  and a lth ough  i t  becomes g ra d u a lly  low er 
toward i t s  n o rth east term inus (725 f e e t  by a lt im e te r  measurement) i t  
i s  o th erw ise w e ll-d ev e lo p ed  throughout the e n t ir e  d is ta n c e . The 
m a ter ia l o f  which t h is  s p it  i s  b u i l t  i s  a lm ost e n t ir e ly  sh a le  fr a g ­
m ents.
S ta te  Route 99 fo llo w s  th e W h ittle se y  beach rid ge southward from 
North M onroeville  to  M o n roev ille . (See P I. XXVII, P ig . 1 . )  The beach  
i t s e l f  i s  sandy, although sh a le  fragm ents and e r r a t ic  bou lders are  
common at i t s  b a se . Between M onroeville  and Norwalk U. S. 20 l i e s  
atop th e  W h ittle sey  shore r id ge which i s  fo r  the most p a r t sandy.
W ithin the c i t y  o f Norwalk the beach r id g e  ch aracter  o f  Route 20 
(Main S tr e e t )  i s  c le a r ly  d is c e r n ib le  in  s p i t e  o f  man's a c t i v i t i e s .
From the e a s te r n  edge o f Norwalk to  E ast Norwalk S ta te  Route 6l  
i s  on th e W h ittlesey  beach. In p la c e s  a long t h i s  s t r e tc h  th ere are two 
r id g e s  w ith  muck d e p o s its  betw een . Beyond E ast Norwalk as fa r  as 
B e r l in v i l l e  th e W h ittle sey  beach i s  w ith in  the area  o f  la r g e  dune 
sand accum ulation m entioned in  co n n ection  w ith  th e Maumee l e v e l s  
(p . 1 2 1 ) and the a c tu a l sh o r e lin e  i s  somewhat d i f f i c u l t  to  tr a c e .
At B e r lin  H eights Lake W h ittle sey  i s  rep resen ted  by a s tep  cu t  
in to  the escarpment and the sh o r e lin e  i s  a lt e r n a te ly  c l i f f  and beach  
from B e r lin  H eights eastward to  Chappel Creek. From Chappel Creek to  
S ta te  Route 60 Darrow Road fo llo w s  a  W h ittle sey  beach b u i l t  o f ra th er  
coarse m a ter ia l (P I. XXVII, F ig . 2 ) .  The la rg e  boulder accum ulation  
(See P1.XVI39 in  fro n t o f  b oth  the W h ittle sey  and Warren sh o r e lin e s  
in  V erm ilion Township a t t e s t s  to  th e  fa c t  th a t a t th ese  la k e  l e v e l s  the - 
area  was su b jec t to  v igorou s wave e r o s io n .
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- P I. XXVII
P ig . 1 -  W h ittle se y  "beach r id g e  n orth  o f M on roev ille
Fig. 2 -  W h ittle se y  "beach a t  in t e r s e c t io n  o f R isden  
and harrow road s, V erm ilion  Township, E r ie  County.
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From S ta te  Route 60 to  the E rie-L o ra in  county l in e  th ere  are tw o  
W h ittle se y  s h o r e lin e s . The southernm ost seems to  he e n t ir e ly  co n stru c ­
t io n a l  in  o r ig in ,  but a t  th e county l in e  th e  northern i s  a low c l i f f  
cut in  t i l l .
Islan d s in  hake W h ittle sey
During th e  tim e o f  Lake W h ittle sey  s e v e r a l is la n d s  e x is t e d  in  
w estern  E r ie  County. That th e la r g e s t  o f  the Lake Maumee is la n d s  in  
t h i s  a rea  had become a  p a r t o f  th e m ainland has been p o in ted  out above. 
The two sm aller  Maumee is la n d s  or sh o a ls  w ere, o f co u rse , in crea sed  in  
s i z e  a t  th e  W h ittle se y  s ta g e . That which i s  now a s tr id e  the G roton- 
M argaretta township l in e  shows a  s tro n g  c l i f f  fa c in g  the n orth w est. 
Sm all quarrying o p era tio n s appear to  have changed the p r o f i l e  some­
what, however. E lsew here around t h is  is la n d  coarse  beach d e p o s its  
are p r e se n t . At the tim e o f  th e  f i e l d  work fo r  t h i s  rep ort the de­
p o s i t s  a t  th e  southern  end o f  the is la n d  were b e in g  e x p lo ite d  fo r  road 
b a l l a s t .  The p i t  showed cobble a t  the top w ith  th e w ater worn p ie c e s  
o f  lim esto n e  averagin g  about th ree to  fou r in ch es in  d iam eter . Down­
ward the m a te r ia l became co a rser  u n t i l  a t the base i t  was t r u ly  a 
bou lder accum ulation  and e r r a t ic s  were not uncommon.
The W h ittle se y  l e v e l  i s  la r g e ly  marked by beach d e p o s its  on 
the sm a ller  and more n o r th er ly  is la n d . On th e w est and northw est 
th e  beach c o n s is t s  o f  coarse  sand and g r a v e l, w h ile  a lon g  th e e a s t ­
ern  s id e  i t  i s  o f  r e la t iv e l y  f in e  sand. Separatin g  th e  two areas i s  
a sh ort s t r e tc h  o f  c l i f f  fa c e  on th e  n o rth east sh o re . Dr. Carney 
(1 9 1 3 » P» 244^24-5) mapped two sand s p i t s  a t  th e so u th ea s te rn  end o f
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t h is  is la n d . In  my op in ion  the r e c o g n it io n  o f th ese  fe a tu r e s  i s  some­
what q u estion ab le  because o f a  s in k  h o le  th a t occu p ies the area  between  
th ese  ’' s p i t s ”, I would ra th er  in te r p r e t  the accum ulation as a  th in  
mantle o f  sand over a w ave-cut te r r a c e .
During Lake W h ittlesey  tim e another is la n d  was p resen t in  th is  
g en era l r eg io n . I t  i s  the h i l l  now known as Sand H i l l  about f i v e  and 
a h a lf  m iles  n o rth ea st o f  B ellev u e  in  Groton Township,
The su rface  o f Sand H i l l  i s  capped w ith  wind blown sand and dune 
forms are e v id e n t. The northern s id e  o f t h i s  is la n d  d isp la y s  a c l i f f e d  
sh o r e lin e  a t the W h ittle sey  le v e l  and in  fro n t o f  th e c l i f f  l i e s  a 
wave-cut terra ce  covered w ith  numerous e r r a t ic  b o u ld ers . Dr, Carney 
(1913> P» 2 ^ 3 -2 ^ )  has g iv en  q u ite  a d e ta ile d  d e s c r ip t io n  o f hooked 
s p i t s  a t the southern end o f th e  Sand H i l l  is la n d . H is d is c u s s io n  
was app arently  based on a  c a r e fu l and d e ta i le d  stu d y , but i t  should  
be noted  th a t the s p i t s  are now p r a c t ic a l ly  in d is c e r n ib le  as su rface  
form s.
Lake Wayne
The sh o r e lin e  o f  Lake "Wayne i s  among th ose which were submerged
if
b en ea th 'th e  w aters o f  a  h igh er  lak e  l e v e l ;  in  t h is c a s e ,  Warren. Even 
under th e se  circum stances Lake Wayne seems to  have l e f t  a b e t te r  record  
in  the E rie  b a s in  than Lake Arkona and t h is  fa c t  i s  used  as an argu­
ment th a t Lake Wayne was b u i l t 1 under co n d it io n s  o f  r i s in g  w a ters , i . e .  
was preceded by a low water s ta g e .
Ju st w est o f  the E rie  County l in e  in  Sandusky County I have mapped 
th e Wayne s h o r e lin e s  as a low t i l l  c l i f f .  At th e county l in e  th e  bed­
rock h ig h s which appeared as is la n d s  during W h ittle sey  tim e are en -
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cou n tered , They are p a r t o f th e  m ainland a t  t h i s  l e v e l ,  how ever, and 
th e  sh o r e lin e  i s  marked by c l i f f s  which are  q u ite  d is c e r n ib le  to  any­
one d r iv in g  a lon g  S ta te  Eoute 12 w est o f C a s ta lia . The c l i f f s  con­
t in u e  fo r  a  sh ort d is ta n ce  e a s t  o f  C a s ta lia  but are much low er and in  
th e  v i c i n i t y  o f  Maple Avenue the s h o r e lin e s  bend southward. Here the  
Wayne l e v e l  i s  rep resen ted  by s c a t te r e d  and fragm entary sand d e p o s it s .  
During Lake Wayne th ese  were probab ly  bars and s p i t s  b u i l t  by opposing  
cu rren ts  around th e C a sta lia  headland. The c o n d it io n s  are s im ila r  to  
th o se  found where the Maumee I I  beach es tu rn  in to  th e Huron H iver em­
bayment and are in  c o n tr a s t to  the more mature s h o r e lin e s  found under 
s im ila r  c o n d it io n s  a t  the Maumee I I I  and W h ittle se y  l e v e l s .
North o f  Sand H i l l  th ere  i s  a  sandy r id g e  a t a  l e v e l  s l i g h t l y  
above 660 f e e t  (by a lt im e te r  ch eck ). This i s  a ss ig n ed  to  Lake Wayne 
as i s  i t s  apparent c o n tin u a tio n  e a s t  o f  P a tton  Tract Eoad through the  
Plum Brook Ordanance Works. The mapping o f  th e  Wayne s h o r e lin e  w ith in  
th e  p ro p erty  o f  the Ordnance Works i s  somewhat d o u b tfu l , however. At th e  
tim e o f  t h i s  stu d y  ( 1951- 5 2 ) in s t a l l a t io n  o f  th e  v a r io u s  chem ical p la n ts  
had c o n s id e ra b ly  changed th e  fa ce  o f  t h i s  p o r t io n  o f  P erk in s Township 
and th e  c o n d it io n s  o f  my adm ittance to  th e  area  were n ot p a r t ic u la r ly  
fa v o ra b le  fo r  mapping.
At th e Wayne l e v e l  a lon g  th e  w estern  s id e  o f  the Plum Brook 
r e s e r v a t io n  th ere  i s  a  low c l i f f  in  the Prout lim e s to n e . Dunes and 
beach sands m antle the top s u r fa c e . Dr, Carney mapped t h i s  as p a r t  
o f  th e Warren shore ( f i e l d  map), but a s  he a p p aren tly  d id  n o t reco g n ize  
th e  Lake Wayne sta g e  th ere  i s  no c o n tr a d ic t io n  in  a c c e p tin g  i t  as th e  
work o f  th e e a r l i e r  la k e .
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J u st w est o f  Bogart the tren d  o f the Wayne sh o r e lin e  changes from  
an e a s t  and n o r th ea st d ir e c t io n  to  one th a t i s  sou th  so u th ea st along  
th e  w estern  shore o f  a much reduced Huron R iver embayment. In t h i s  
area  a ls o  th ere  seem to  have been numerous s p i t s  and bars during the  
p e r io d  o f  Lake Wayne and the p a tte r n  i s  s im ila r  to  th a t  a lread y  d i s ­
cu ssed  fo r  th e  r eg io n  e a s t  o f  C asta lia . (s e e  ab ove).
In  n o r th ea stern  Oxford Township a  low t i l l  c l i f f  b lan k eted  w ith  
sand rep re sen ts  Lake Wayne. Beyond t h i s  segment no fu r th er  trace  o f  
th e Wayne beach was found in  th e Huron v a l l e y .
At th e  w estern  l im i t s  o f  B e r lin  Township a r a th e r  th ic k  m antle 
o f  f in e  beach sand i s  p re se n t a long th e 6 5 0 -fo o t con tou r. This i s  
in te r p r e te d  as r ep resen tin g  the m a ter ia l o f  th e Wayne beach la t e r  
reworked by the w aters o f  Lake Warren. T his d e p o s it  can be traced  
to  Old Woman Creek where the edge o f  the escarpment i s  encountered  
and then  fo r  s e v e r a l m ile s  eastw ard a t  th e  base o f  th e  escarpm ent.
With th e  e x ce p tio n  o f  two sh ort segm ents o f  bobble beach south  o f  
Asbmont no good Wayne s h o r e lin e  was mapped in  '©'astern. E r ie  County, 
however.
Lake Warren
In th e  e a r ly  r e fe r e n c e s  to  th e Warren sta g e  w ith in  th e E rie  
b a s in  m ention i s  fr e q u e n tly  made to  th e  m u lt ip l ic i t y  o f  b ea ch es.
These accou n ts are somewhat co n fu sin g  to  read today because a  number 
o f  b ea ch es, now reco g n ized  as b e lo n g in g  to  d if f e r e n t  s ta g e s ,  were 
grouped to g e th e r  under th e  heading o f  "Warren beaches" . These in ­
cluded  th e Arkona b each es, th e  Warren and sometimes th e  Wayne.
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However, even when th ese  o th er  le v e l s  are e lim in a ted  from c o n s id e r a t io n , 
the sh o r e lin e  o f  Lake Warren in  E rie  County i s  ra th er  complex, She 
more continuous heach segm ents seem to  he e q u a lly  as strong as the  
W h ittle sey  beach so  th a t i t  would seem th a t th ere was an alm ost equal 
amount o f tim e fo r  th e ir  form ation . On th e oth er hand th e Warren l e v e l  
i s  marked more freq u en tly  by  o ff -sh o r e  bars and sh ort p o o r ly  developed  
s p i t s .
There are d e f in i t e ly  two recogn izab le  Warren stran ds in  E rie  
County. The s tr o n g e s t  one a t 675 "to 680 f e e t  e le v a t io n s ,  and one a t  
685 to  690 f e e t .  Erom ev iden ce seen  here I do not b e lie v e  th a t the  
second or in term ed ia te  sta g e  i s  r e c o g n iz a b le , however. I f  t h i s  Warren 
I I  i s  a v a l id  stage  fo r  the E rie  b a s in , i t  appears th a t  evidence fo r  
i t  here has been d estroyed  by Warren I I I ,
On th e B ellev u e  quadrangle in  w estern  Sandusky County the main 
Warren beach (Warren I I I )  l i e s  p a r a l le l  to  the W h ittle sey  and l ik e  
the l a t t e r  i s  a s i t e  fo r  a county road, in  t h is  c a se , Sandusky 
County 101. A d iscon tin u ou s beach r id g e  which l i e s  s e v e r a l hundred 
yards behind the main r id g e  and a.t an e le v a t io n  o f  about 690 f e e t  
was t e n t a t iv e ly  a ssig n ed  to  Lake Arkona by Carney ( f i e l d  n o tes  and 
map) but as has a lread y  been p o in ted  out (p . 122) I b e l ie v e  i t  i s  
b e t te r  r e ferred  to  th e  h ig e s t  Warren l e v e l .
At the county l in e  th e mainland shore o f  Lake Warren, l ik e  th a t  
o f  Lake Wayne, was extended in to  a promontory which inclu d ed  the  
h i l l s  o f Columbus lim esto n e  near C a sta lia . The northward fa c in g  
Warren shore o f  the promontory i s  marked by a steep  c l i f f  which i s
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e a s i l y  seen  to  the sou th  o f S ta te  Route 1 2 , w est o f  C a s ta lia , At th e  
p o in t o f  th e promontory j u s t  e a s t  o f  C a s ta lia  i s  a Warren "beach o f  
coarse  sand, and g r a v e l "behind which are s e v e r a l w e ll-d e v e lo p e d  dunes. 
From t h i s  p o in t a  s p i t  made up o f  coarse m a ter ia l was "built out e a s t ­
ward fo r  about § ix -.teh th s  m ile .
Just south  o f th e in t e r s e c t io n  o f  Maple and B ogart roads th ere  
i s  a  Warren r id g e  made up o f  coarse c o b b le . The m a te r ia l o f  t h i s  
r id g e  was exposed in  a new ly opened p i t  and th ere  were e ig h t  to  ten  
f e e t  o f  cobb le o v e r ly in g  lim e s to n e , The su rfa ce  o f  the lim esto n e  
s t i l l  r e ta in e d  g l a c i a l  s t r ia e ,  so th a t  i t  was ev id en t th a t  l i t t l e  
wave e r o s io n  had occurred h ere .
Southward a lon g  Maple Avenue the m a ter ia l o f  th e  r id g e  becomes 
p r o g r e s s iv e ly  f in e r  and o c c a s io n a l dunes l i e  atop the beach . For 
about a m ile  w est o f  Weyer and a c ro ss  th e  d ep ress io n  now drained  by 
a tr ib u ta r y  o f  M ill Creek th ere  does not seem to  be any ev id en ce  o f  
th e Lake Warren sh ore . Along the n orth  s lo p e  o f  Sand H i l l ,  however, 
th e  Warren l e v e l  i s  rep resen ted  by c l i f f s ,  and on th e  e a s te r n  s id e  
th ere  are two Warren b each es. The northernm ost seems to  have come 
in to  b e in g  as a s p i t ,  b u i l t  out from th e h i l l  a c ro ss  a sm all stream . 
The s p i t  ach ieved  an e le v a t io n  o f 680 f e e t  w h ile  the shore r id g e  back  
o f  i t  i s  a t  690 f e e t .  Wind-blown sand augments t h i s  h e ig h t so th a t  
l o c a l l y  the su rfa ce  i s  w ith in  th e 7 0 0 -fo o t  contou r.
From B lo o m in g v ille  e a s t  fo r  about fou r  m ile s  th e  Warren shore­
l in e  has a n o r th e a s te r ly  tren d . I t  th en  bends southward in t o  th e  
Huron R iver embayment. The n orth eastw ard -tren d in g  segment l i e s
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la r g e ly  w ith in  th e Plum Brook Ordnance Works. There are two Warren 
beaches here and dunes cover th e su r fa ce  betw een.
Southward a lon g  th e  w estern  s id e  o f  th e Huron R iver  embayment th e  
sh o r e lin e  i s  more com plex. In some p la c e s  th ere  are th ree  p a r a l le l  
r id g e s  a l l  r ep resen tin g  th e Lake Warren l e v e l s .  South o f  S treck er  
Road Thomas Road i s  b u i l t  atop  th e  s tr o n g e s t  o f  th e  r id g e s  and t h is  
r id g e  seems to  have term in ated  in  a  s p i t  b u i l t  a cro ss  th e mouth o f the  
West Branch o f  the Huron R iv er .
The Warren shore i s  the lo w est s h o r e lin e  which can be tra ced  
a c ro ss  the Huron R iver  v a l l e y .  On the upland betw een th e two branches  
o f  th e  r iv e r  a f a i r l y  good beach r id g e  rem ains a lth ou gh  i t  i s  somewhat 
d is s e c te d  by sm all stream s. E ast o f  th e  E ast Branch th e  sh o r e lin e  has 
su ffe r e d  even g r e a te r  post-W arren fra gm en ta tion , a lth ough  i t  was 
ap p a ren tly  w e ll-d e v e lo p e d  o r ig in a l ly .
S ou th east o f  M ilan, where S ta te  Route 601 c r o s s e s  th e  Warren 
sh o re , s e v e r a l g r a v e l p i t s  have been  opened in  the beach r id g e . The 
beach sands are w e ll s t r a t i f i e d  and o v e r la in  by th ree  to  e ig h t  f e e t  
o f  wind blown sand. A sm all dune area  a ls o  l i e s  behind th e  beach  
r id g e  p rop er .
Prom M ilan to  th e  West Pork o f  Old Woman Creek the Warren sta g e  
i B  rep resen ted  by two b ea ch es. As fa r  e a s t  as M illman Road the  
n orth ern  one has the ch a ra cter  o f  an o f f  shore b ar, b e in g  low er in  
e le v a t io n  near th e  Huron R iver  v a l l e y .  Prom Wikel Road to  Chapin 
Road th e  southernm ost r id g e  i s  l o s t  among th e  dunes which are p a rt  
o f  th e dune complex a lrea d y  m entioned in  co n n ection  w ith  th e  W h ittle sey
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and Maumee s tr a n d s . West o f  Chapin Road Lake Warren cut c l i f f s  in  
th e  fa ce  o f the B erea escarpm ent. The c l i f f  phase co n tin u es  w ith  hut 
l i t t l e  in te r r u p t io n  as  fa r  e a s t  as th e  B erea h i l l  northw est o f A x te l,  
The one e x ce p tio n  i s  a  s t r e tc h  o f  about th re e -q u a r te r s  o f  a m ile  
betw een Chappel Creek and Sugar Creek where th ere  i s  a  sandy beach  
r id g e .
The su r fa ce  o f th e  ground fo r  s e v e r a l m ile s  in  fro n t o f  the e s ­
carpment in  V erm ilion  Township i s  covered  w ith  a  la r g e  number o f  
b ou ld ers (P I . X V III). T his su rfa ce  in d ic a te s  a c t iv e  wave e r o s io n  
during a l l  th e  m iddle lak e s ta g e s .  Over much o f t h i s  area  sh a le  i s  
w ith in  s i x  f e e t  o f  th e  su r fa c e .
Eastward from S ta te  Route 60 th ere  are two sh o r e lin e s  a t the  
Warren l e v e l .  The more so u th er ly  i s  a low c l i f f  cut in  t i l l  and 
sh a le  and m antled w ith  sand, w h ile  the n orth ern  one i s  a sand r id g e .
Lake Lundv
Between th e e a s i l y  observed Warren sh o r e lin e  and th e  p resen t lak e  
l e v e l  fragm ents o f  two, sometimes th ree , s h o r e lin e s  can be observed in  
north ern  Ohio, The two uppermost are a t app roxim ately  640 and 620 
f e e t  and correspond to  two g e n e r a lly  reco gn ized  s t a t e s  o f  Lake Lundy, 
th e Grassmere and l lk t o n  s ta g e s , r e s p e c t iv e ly .  The th ir d  here in  
E rie  County, l i e s  betw een 590 and 600 f e e t .
In th e  E r ie  b a s in  and the southern  end o f  th e Huron and Saginaw  
b a s in s  the Lake Lundy l e v e l s  rep resen t s ta g e s  in  the t r a n s i t io n  from  
th e  Warren l e v e l  to  the f i r s t  s ta g e  o f Lake E r ie . The s h o r e lin e s  were 
th u s made under c o n d it io n s  o f  a f a l l i n g  w ater l e v e l  as were Maumee I I
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and the Arkona b each es, but u n lik e  th ese  h igh er  beaches the Lundy shore­
l in e  vras never submerged. The f a c t  th en  th a t  th ey  are fragm entary and 
n ot to o  w e ll  developed  even when p r e se n t i s  due then  s o l e l y  to th e con­
d it io n s  o f  t h e ir  form ation .
D e sc r ip tio n  o f shore fe a tu r e s  { In e a s te r n  Sandusky County where the  
w e ll-d e v e lo p e d  W h ittle sey  and Warren b each es trend northeastw ard  
p a r a l le l  to  each  o th er  the c o n d it io n s  o f  s lo p e  and o r ie n ta t io n  to  wind 
d ir e c t io n  were presum ably s im ila r  fo r  th e  Lake Lundy l e v e l s  and here  
i f  anywhere th e Lundy beaches should  be s tr o n g ly  d evelop ed . There i s  
ev id en ce  o f  b o th  s h o r e lin e s  h ere , but i t  c e r t a in ly  i s  not overwhelm ing. 
The E lk ton  l e v e l  i s  sometimes rep resen ted  by a low sandy r id g e  (beach  
sand o v e r la in  by a  th in  cover  of wind blown sand) as in  S e c tio n  29 and 
dtohtiSaon 22 o f  Townsend Township. The o n ly  ev id en ce o f  the Grassmere 
sh o r e lin e  in  th e  a rea , however, seems to  be the g r e a te r  than  normal 
number o f b ou lders strew n over the su r fa c e .
W ithin the l im i t s  o f  E rie  County and w est o f  C a s ta lia  both  o f
the upper Lundy l e v e l s  c ro ss  the marl d e p o s its  o f C a s ta lia  P r a ir ie
153 )• S ev era l sh o r t , low sand r id g e s  a long  th e sou th ern  border  
o f  th e p r a ir ie  f a l l  a t  the l e v e l  o f  th e Grassmere sh o r e lin e  and are  
a ss ig n ed  to  i t .  Dr. Carney (1913» map p . 233) a ss ig n ed  one o f th ese  to  
th e  Warren (Wayne?) l e v e l  as a  cusp b u i l t  out from th e c l i f f s .  T his  
may have been the o r ig in a l  s ta tu s  o f  th e d e p o s it , but i t s  lakeward  
fa c in g  term inus seems to  have a low  r id g e  p a r a l l e l  to  the o th er  shore­
l i n e s  and i s  a t an e le v a t io n  o f about 6^0 f e e t .
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At th e  northern edge o f  the th ic k  marl d e p o s its  o f  th e  p r a ir ie  
and about a  m ile  and a  h a lf  sou th  o f  th e  p resen t shore o f  Sandusky 
Bay another sh ort sandy r id ge  segment c r o sse s  the County Line Eoad.
The e le v a t io n  o f  t h is  i s  below 600 f e e t  and i t  c le a r ly  does not belong  
to  the E lk ton  l e v e l .  I t  seems to  r ep re sen t, however, another short 
pause in  the drop to  th e  l e v e l  o f  Lake E r ie . F a ir c h ild  (1907, pp. 
74- 76) m entions a  number o f  shore fe a tu r e s  in  w estern  New York th at  
are w ith in  20 to  40 f e e t  o f  the p resen t l e v e l ,  Iht  ^ presum ably de­
veloped  a t about the same tim e.
E ast o f  C a s ta lia , betw een S ta te  Eoute 12 and Bogart Eoad i s  an 
area  o f  bedrock w ith  l i t t l e  or no s o i l  co v er in g . Ju st n o rth ea st o f  
the b u ild in g s  in  C a sta lia  a  steep en in g  in  th e  bedrock p r o f i l e  may 
rep resen t the work o f waves a t  the Grassmere l e v e l .  Otherwise no 
beach d e p o s its  or c l i f f s  were found a t any o f the Lundy le v e l s  
between C a sta lia  and the Columbus-Samdusky Eoad (S ta te  Eoute 4 ) .
South o f  the c i t y  o f  Sandusky th ere  i s  a wide sandy b e l t .  W ithin  
t h i s  area  sh ort beach segments are p resen t a t  the E lkton  l e v e l ,  but 
not a t th a t o f  Grassmere.
In th e  v i c i n i t y  o f  Bogart th e s tro n g est segments o f  both the 
Grassmere and E lkton  sh o r e lin e s  in  E rie  County are to  be found. A 
number o f  sand dunes are a ls o  p resen t, a s so c ia te d  w ith  the beach r id g e s .  
E ast o f  Bogart the sh o r e lin e s  are extended northeastw ard so as to  form 
a sh ort promontory a t the northw est co m er  of the Huron E iver embay­
ment. The promontory i s  a  r e f le c t io n  o f  the p resen ce o f the Prout 
lim eston e  member o f the Plum Brook s h a le . The sh o r e lin e  a t  the G rass- 
mere l e v e l  a lon g  Boss Eoad i s  a  low send r id g e  as i s  the E lkton  about
ly?
a  h a l f  m ile  to  th e  n o r th . Near the in t e r s e c t io n  o f  Boss and Camp 
Roads, however, a t th e  t ip  o f  th e prom ontory, th ere  i s  a low c l i f f  
cu t in  sh a le  a t  th e E lk ton  l e v e l .
B oth sh o r e lin e s  can he tra ced  southwestvrard from the p o in ts  o f  
t h e ir  r e s p e c t iv e  prom ontories fo r  a sh ort d is ta n c e  a lon g  th e w estern  
s id e  o f th e  embayment. They cannot be fo llo w e d  a cro ss  the Huron R iver  
v a l l e y ,  however.
In  t h i s  same Bogart v i c i n i t y  th e su r fa c e  in  fr o n t o f th e  E lkton  
beach i s  sandy. No o th er  beach r id g e  was observed  but sou th  o f P erk in s  
Road and e i th e r  s id e  o f  Galloway Road th ere  are dunes, whose e le v a t io n s  
su g g est a  w ater l e v e l  a t  about 600 f e e t .
An o ld  beach r id g e  a lon g  th e  modern Cedar P o in t s p i t  was shown 
to  me by Raymond M etter . The maximum e le v a t io n  o f t h is  r id g e  i s  590 
f e e t  and as M etter (1951, P . ^ 0  p o in te d  out i t  ap p a ren tly  rep re sen ts  
a  l e v e l  t r a n s i t io n a l  betw een E lk ton  and la k e  E rie  I and as such can 
be grouped w ith  th e 600 £  fo o t  beach segment northw est o f  C a s ta lia ,  
th e  dunes a lon g  Galloway Road, and w ith  a dune covered  beach r id ge  
e a s t  o f  the Huron R iver near C eylon.
E ast o f  the Huron R iver v a l le y  the E lk to n  l e v e l  i s  rep resen ted  
b y  a  low beach r id g e  which ex ten d s to  Old Woman Creek n orth  o f S h in -
rock . The su r fa ce  in  fr o n t o f  t h i s  r id g e  to  the la k e  i s  sandy but no
low er r id g e  i s  d is c e r n ib le .  About a m ile  south  o f  Shinrock and ju s t  
n orth  o f  Mason road i s  a low  t i l l  c l i f f  m antled w ith  sand. T his may 
be a fragm ent o f  the Grassmere s h o r e lin e .
With th e e x c e p tio n  o f  th e  area  near Ceylon which has a lrea d y  been
m entioned in  c o n n ec tio n  w ith  th e 590 to  600 fo o t  l e v e l  th ere  i s  l i t t l e  
ev id en ce  fo r  the low er I/ondy l e v e l s  in  E r ie  County e a s t  o f  Shinrock.
LAKE BOTTOM SEDIMENTS 
03P THE EASTERN LAKES SECTION
The term "bottom sedim ents" i s  here used  to  in d ic a te  th e  sub­
aqueous d e p o s its  o f  th e v a r io u s la k es  o th er  than th o se  which are 
reco g n ized  as "barrier b a rs , s p i t s  or s im ila r  fe a tu r e s  more lo g ic a lly -  
a s s o c ia te d  w ith  th e s h o r e lin e s  even i f  th ey  d id  n o t extend  above 
the w ater l e v e l ,
For the area  o f t h i s  stu d y  th ese  bottom sedim ents can be d iv id ed  
in to  s e v e r a l c a te g o r ie s :  w e ll  lam inated  sed im en ts, s i l t s  or s i l t y
c la y s  showing l i t t l e  i f  any la m in a tio n s , sand, m arl, and p ea t or muck.
The areas where th ese  sed im ents were d ep o s ited  c e r t a in ly  do not 
in c lu d e  a l l  o f  th e area  o f the la c u s tr in e  p la in ,  however. T his fa c t  
as w e ll as th e  d i f f i c u l t y  which sometimes a r is e s  in  reco g n iz in g  but 
s l i g h t l y  reworked t i l l  i s  p o in ted  out in  the fo llo w in g  statem ent 
taken  from C offey  (1915» P* 8 2 ) .
( I t  i s )  . . .  " o ften  d i f f i c u l t  and in  some canes 
p r a c t i c a l ly  im p ossib le  to  determ ine j u s t  how much re ­
working o f th e  m a ter ia l has been e f f e c t e d  by th e lak e  
w a t e r s . . . .  In sta n ces  were noted  where th e su r fa ce  
m a ter ia l to  a  depth  o f  a few in ch es  undoubtedly has 
been reworked, w h ile  th a t below  shows -unmistakable 
ev id en ce o f  having been d e p o s ite d  b y  the i c e .  Over a 
la r g e  p a rt o f  the o ld  la k e  bed v e ry  l i t t l e  d e p o s it io n  
or reworking o f  m a te r ia ls  has tak en  p la c e ."
Such a s i t u a t io n  i s ,  o f  co u r se , to  be exp ected . Areas o f  domi­
nant d e p o s it io n  must be su p p lied  from areas o f  dominant e r o s io n . In 
th e  d is c u s s io n  o f  sh o r e lin e  fe a tu r e s  m ention has a lrea d y  been made 
o f  l o c a l i t i e s  where th e  su rface  i s  covered  w ith  b ou ld ers washed from 
the t i l l ,  bedrock p la tfo rm s p lan ed  by waves and c l i f f e d  s h o r e lin e s .  
These are th e areas o f dominant e r o s io n  and th ey  make up a la rg e  
p o r t io n  o f the la c u s tr in e  p la in  here in  north  c e n tr a l  Ohio.
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AREAS 03? NON-DEPOSITION
In the course o f th e f i e l d  work i t  was noted  th a t un den iab ly  
la c u s tr in e  bottom sedim ents seemed to  be l im ite d  to  th e  area  in  
fr o n t  o f  the Lake Warren s h o r e l in e s .  The reg io n  o f the Huron E iver  
embayment i s  som ething o f an e x ce p tio n  but even  here away from th e  
v a l le y  i t s e l f  the s i l t s  and s i l t y  c la y s  are r e la t iv e l y  th in .
The q u estio n  im m ediately a r i s e s ,  o f  c o u rse , as to  whether th e  
observed r e la t io n s h ip  betw een th e Lake Warren l e v e l  and the lak e  
d e p o s its  had been noted  elsew h ere in  th e E r ie  b a s in . As fa r  as  
I could  d isc o v e r  Chapman and Putnam (1951> P* 71) are th e  on ly  
ones to  have p u b lish ed  a  s im ila r  o b serv a tio n . They s ta te  th a t  
most o f th e s i l t s  in  south w estern  O ntario are d e p o s its  o f  Lake 
Warren.
There i s  some a d d it io n a l support fo r  th e id e a  from workers in  
o th er  f i e l d s  and o th er  s t a t e s ,  however. Dr. W illiam  Wayne (p erson a l 
communication) sa id  th a t a lth ough  he had made no attem pt to  map 
la c u s tr in e  sed im ents during h is  work in  n o r th ea stern  Indiana i t  was 
h is  g en era l im p ression  th a t  most o f  th e  m a ter ia l a t th e  su r fa ce  in  
th e  Maumee la k e  p la in  th ere  had su ffe r e d  l i t t l e  i f  any rew orking.
More r e c e n t ly  Dr. N ich o las Holowaychuk o f  th e Agronomy Departm ent,
The Ohio S ta te  U n iv e r s ity , s ta te d  th a t  new s o i l  su rveys begun in  
n orth w estern  Ohio seemed t o  su g g est th a t s o i l  p r o f i l e s  developed  
e n t ir e ly  in  la c u s tr in e  m a ter ia l were g e n e r a lly  l im ite d  to  e le v a t io n s  
below  720 f e e t .  This l a s t  f ig u r e  in d ic a te s  th a t  in  th e  w estern  end 
o f  th e  b a s in  the c o r r e la t io n  i s  w ith  th e W h ittle sey  l e v e l  ra th er  than
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th e  Warren, however. This d if fe r e n c e  may he r e a l  or i t  may r e s u l t  
from the f a c t  th a t  the agron om ists' c r i t e r i a  fo r  ju dgin g  what con­
s t i t u t e s  a p p rec iab le  ev id en ce o f reworking i s  somewhat more d e l ic a t e  
than I u sed .
There are a ls o  areas o f  l i t t l e  or no la c u s tr in e  d e p o s it io n  in  
fr o n t o f  th e  Warren s h o r e lin e . These are shown ra th er  w e ll  on th e  
map o f hou lder d is t r ib u t io n  (P I. X V III). One such area  i s  in  fr o n t  
o f  the B erea escarpm ent in  V erm ilion  Township, E rie  County. Here 
th e  bedrock i s  th e  C leveland  sh a le , which fr e q u e n tly  l i e s  w ith in  
s i x  f e e t  o f  the su r fa c e . The s o i l  i s  formed in  t i l l  th a t  shows but 
l i t t l e  reworking o f  i t s  upper p o r t io n s .
South and e a s t  o f  C a s ta lia , in  M argaretta Township, E rie  County, 
the lim esto n e  i s  but t h in ly  covered  by t i l l  (or shore d e p o s it s )  and 
b ou lder accum ulations are fr e q u e n t ly  a l l  th a t  i s  l e f t  o f  t i l l  eroded  
from w ave-cut p la tfo rm s.
THE LAMINATED SILTS OE THE HURON RIVER VALLEY
Along th e w estern  s id e  o f  th e  Huron R iver  and north  o f Avery, 
th ere  i s  an a rea  o f  r o l l in g  topography which c o n tr a s ts  s tr o n g ly  
w ith  th e  g e n e r a lly  f l a t  su rface  o f  th e lak e  p la in  (P I. XXVIII, P ig . 
1 ) .  At f i r s t  g lan ce  th e  h i l l s  g iv e  the im p ression  o f  dunes but th e  
road c u ts  c le a r ly  show w e ll-la m in a ted  sed im ents w ith in  th ree  f e e t  o f  
th e su r fa c e . Furthermore th ese  lam inae are tru n ca ted  by th e  h i l l  
s lo p e s  in d ic a t in g  th a t the topography i s  th e  r e s u l t  o f  e r o s io n  
r a th er  than d e p o s it io n . The upper fo o t  or  s o , o f  c o u r s e , may have 
b een , and p robab ly  has been, reworked by the wind.
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D e sc r ip tio n  o f  th e  Laminated Sedim ents 
The co a rser  la y e r s  in  th ese  lam inated  d e p o s its  c o n s is t  o f  f in e  
sand or coarse  s i l t ,  w h ile  th e  f in e r  are c la y  or e i l t  c la y  and 
s im ila r  in  g r a in  s iz e  d is t r ib u t io n  to th e unlam inated or p o o r ly  
lam inated  lak e  sed im ents found e i th e r  s id e  o f  t h i s  Huron R iver b e l t .  
(See P I . XXIX.) In s e v e r a l s e c t io n s  o s c i l l a t i o n  r ip p le  marks were 
observed on th e upper su rfa ce  o f co a rser  la y e r s .
3Por th e  most p a rt the lam inae are reg u la r  and can be tra ced  
a cro ss  th e su r fa ce  o f  a c u t . The th ic k n e ss  o f  th e  in d iv id u a l  
la y e r s  v a r ie s  from about o n e -s ix te e n th  to  on e-q u arter  in ch  w ith  
th e c la y  s i l t  la y e r s  ten d in g  to  be th e  th ic k e r . The upper and low er  
boundary o f  each lamina.:; i s  q u ite  d i s t i n c t ,  i . e .  th ere  i s  not th e  
d ia t e c t i c  s tr u c tu r e  o f the g la c ia l  v a rv e , and fo r  t h i s  reason  I do 
not term th e sed im ents varved . I f ,  however, the term ••varve" i s  
understood to  mean any c y c l i c a l  d e p o s it io n , th ese  are undoubtedly  
varved sed im en ts. (S ee , however, pp. 1 5 7 -1 6 2 .)
E xtent and T hickness o f  Laminated S i l t s  
In  a d d it io n  to  exposures in  road c u ts  in  the area  d e lin e a te d  
above, th e se  lam inated  s i l t s  can be seen  in  c l i f f s  a lon g  th e  p r e ­
sen t la k e  shore from Grand P o rest Beach, e a s t  o f  Sandusky, to  w ith ­
in  th e c i t y  l im i t s  o f  Huron, A th ic k  s e c t io n  was a ls o  observed in  
an abandoned c la y  p i t  behind th e Lavey P o tte r y  a t M ilan. South o f  
M ilan th ere  are a few exposures a lon g  th e  Huron R iver, where the  
s i l t s  d ir e c t ly  o v e r l ie  the b la ck  sh a le  in  some c a s e s ,  and in  o th ers
1H£
- P I .  XXVIII
F ig . 1 -  Topography a long  lower Huron R iver v a l le y .
F ig . 2 -  D is to r te d  lam inae a t Grand F orest Beach.
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Com position o f  r e p r e se n ta t iv e  la c u s tr in e  sed im en ts.
Samples 12-1  and 10-1  are from coa rse  la y e r s  o f  th e lam inated  
sedim ents o f th e  Huron R iver v a l le y ;  12 -2  and 10 -2  are from the  
f in e  la y e r s .  Sample 28-3 i s  from th e unlam inated la c u s tr in e  
sed im en ts. A p ip e t te  read in g  was taken fo r  each o f  th e Wentworth 
grades g iv en .
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are sep arated  from i t  b y  r e l a t i v e l y  th in  t i l l .  In  th ese  l a t t e r  
s e c t io n s  the lam in ated  m a ter ia l was never more than 10 f e e t  th ic k  
and th e  la m in a tio n s  were n o t as reg u la r  a s  th ose  observed fa r th e r  
n o rth .
The t h ic k e s t  s e c t io n  seen  was a t th e Lavey P o tte r y  p i t  where 
a 65- f o o t  s e c t io n  was exposed . Beneath the B zone o f th e p r o f i l e  
o f  w eathering  th ere  i s  about 20 f e e t  in  w hich th e lam inae are w e l l -  
developed  and f i t  the d e s c r ip t io n  above. Downward th e  la y e r in g  be­
comes l e s s  r eg u la r  and th e la y e r s  o f  th e  f in e r  m a ter ia l in c r e a se  in  
th ic k n e ss  u n t i l  a t  about 15 f e e t  above the base o f  the s e c t io n  the  
m a ter ia l i s  a  homogeneous s i l t y  c la y  w ith  none o f  th e co a rser  m a ter ia l  
p r e se n t .
In  th e  la k e  fr o n t s e c t io n s  the th ick n e ss  i s  co n s id era b ly  l e s s ,  
b e in g  e ig h t  and o n e -h a lf  f e e t  where measured a t  Grand T orest Beach  
and fo u r  f e e t  a t Huron C l i f f s .  The th ic k n e ss  a t th e l a t t e r  lo c a t io n  
i s  q u ite  v a r ia b le  w ith in  sh o r t d is ta n c e s ,  however, as th e  upper sur­
fa c e  i s  Ir r e g u la r  and the ir r e g u l a r i t i e s  are f i l l e d  w ith  sand. The 
ch an n elin g  o f  t h i s  su rfa ce  seems to  be th e  work o f  ground water 
moving l a t e r a l l y .
At Grand P o rest Beach th e  lam inated  s i l t s  are seen  in  co n ta c t  
w ith  th e  u n d erly in g  t i l l  (PI* XXVII, ffig . 2 ) .  The t i l l  (about 18 
in ch es  was exposed above la k e  l e v e l )  i s  mixed w ith  th e  low er la y e r s  
o f  the s i l t s  which are co n to r ted . The nature o f the deform ation  
and the f a c t  th a t th e co n to r ted  la y e r s  grade upward in to  reg u la r  
lam inae w ith out any apparent break su ggest th a t  th e  agent o f d e -
145
form ation  was ic e  f lo w s  pu sh ing a g a in s t a shore or dragging in  
sh a llo w  w ater.
Eastward and westv/ard from v a l le y  o f the Huron R iver  the  
la m in a tio n s "become l e s s  d i s t in c t  and a lth ou gh  most o f  th e lak e  
s i l t s  in  E rie  County c o n ta in  th ei seams of co a rser  s i l t  or f in e  
sand th ese  seams are ir r e g u la r ly  spaced and d isc o n tin u o u s .
Along th e  Huron R iver v a l le y  the a rea  u n d er la in  by th ese  
sed im ents i s  somewhat l ik e  the shape o f a  p a r t ia l l y  c lo se d  fan  w ith  
i t s  apex ju s t  behind th e  Warren beach . The p resen t r iv e r  n orth  o f  
M ilan seems t o  l i e  a l i t t l e  e a s t  o f  the c en te r  l i n e .
C offee ( 1915) d escr ib ed  a s o i l  p r o f i l e ,  s im ila r  to  th a t de­
velop ed  in  th e se  lam in ated  s i l t s  b ord erin g  th e  Huron R iv e r , a long  
b oth  th e  Rocky and Cuyahoga r iv e r s  t o  th e e a s t ,  but whether the  
parent m a ter ia l i s  a s  w e ll  lam inated  as th a t  under d is c u s s io n  h ere ,
I do not know. W inchell (1873 , P* ^06) d escr ib ed  lam inated  la c u s t ­
r in e  sed im ents along th e Sandusky R iver v a l l e y  near Fremont, and 
W ilson (19^3) d isc u sse d  ”v a r v e sn in  th e bottom  sed im ents o f Sandusky 
Bay. Here in  Huron County, a t  l e a s t ,  th e  w e ll lam inated  s i l t s  are  
d e f i n i t e l y  r e la te d  to  the Huron R iver and as seen  above th ere  i s  a  
stron g  su g g e st io n  from th e l i t e r a t u r e  th a t s im ila r  d e p o s its  are  
a s s o c ia te d  w ith  oth er major stream s in  northern  Ohio.
O rig in  o f  the Laminated S i l t s  o f  th e Huron V a lle y
I b e l ie v e  th a t  th e se  s i l t s  rep resen t th e f i l l i n g  o f  an e a r l i e r
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Huron R iver v a l le y .  S ince nowhere i s  t i l l  known to  o v e r lie  the  
s i l t s ,  the f i l l i n g  (and c u tt in g )  o f  th e v a l l e y  may he dated  as  en­
t i r e l y  subsequent to  th e  l a s t  r e tr e a t  o f  the i c e .  The th ic k n e ss  o f  
th e v a l le y  f i l l i n g  a t M ilan ( 65^ f e e t )  would seem to  in d ic a te  a base  
l e v e l  fo r  the c u tt in g  a t l e a s t  as low as the p resen t Lake B rie  l e v e l .  
The f i r s t  such l e v e l  in d ic a te d  in  the chronology (Table VI) i s  the  
pre-Wayne low s ta g e . I t  makes l i t t l e  d if fe r e n c e  whether t h is  sta g e  
and Lake Wayne are pre-W arren as p o s tu la te d  by L ev ere tt and Taylor  
or intra-W arren as su ggested  by Hough.
As a contin uous d e p o s it  the lam inated  s i l t s  are recogn ized  as  
fa r  south  as two m ile s  behind the Warren I I I  beach . That th ey  ex­
tend south  o f th e Warren shore p r e se n ts  no d i f f i c u l t y .  A r is in g  
la k e  l e v e l  such as Hough* s Warren I I I  would mean e s tu a r in e  cond i­
t io n s  behind the s h o r e lin e . In fro n t o f  th e  sh o r e lin e  the Huron 
R iver en tered  the la k e  through the p r o te c te d  area  o f  the Huron 
R iver embayment and i t  may be th a t th e more reg u la r  la m in a tio n s  
here r e f l e c t  t h i s  p r o te c t io n  from th e fo r c e s  which a f f e c te d  th e  
bottom s in  more exposed l o c a l i t i e s .
Mature D is s e c t io n  in  Area o f  
Huron R iver Laminated S i l t s
In the in tro d u c tio n  to  t h i s  su b jec t o f  the lam inated  s i l t s  
o f  the Huron R iver v a l le y  m ention was made o f  the r o l l in g  topo­
graphy which c o n tr a s ts  s tr o n g ly  w ith  the f l a t  su r fa ce  o f  the  
la c u s tr in e  p la in  on e i th e r  s id e .  T his topography can le g i t im a t e ly  
be d escr ib ed  as  mature and i t s  developm ent here r a is e s  a number o f  
q u e s t io n s , n o t a l l  o f  which can be answered.
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B xtent o f Area
The area  o f t h i s  mature top ograp hic developm ent i s  e n t ir e ly  
w ith in  the r eg io n  u n d er la in  hy  the lam inated  s i l t s ,  hut i s  by no 
means c o -e x te n s iv e  w ith  i t .  The former i s  l im ite d  to  the lower 
p o r t io n  o f th e Huron v a l le y  and i s  rough ly  o u t lin e d  by Mason Road 
on the sou th , S ta te  Route 299 (Huron-Avery Road) on the north  and 
w e st, and the Huron R iver on the e a s t .  I t  i s  thus an area  o f  about 
ten  square m ile s .
D e sc r ip tio n  o f  Area
The e n t ir e  leg io n  i s  d ra in ed  by Mud Creek and i t s  t r ib u t a r ie s ,  
which make up a  w e ll-d e v e lo p e d  d e n d r it ic  drainage p a t te r n . This 
fe a tu re  i s  a l s o  in  c o n tr a s t to  most o f  the lak e  p la in  where sm all 
stream s are on ly  b eg in n in g  to  develop  tr ib u ta r y  system s and are  
s t i l l  b e s t  d escr ib ed  as p a r a l l e l .  The textu re o f  the drainage i s  
q u ite  f i n e ,  and excep t fo r  the low er two m ile s  o f  th e  Mud Creek 
v a l le y ,  which i s  drowned, the stream flo w  i s  in te r m it ta n t . In  
th e se  r e sp e c ts  th e drainage i s  s im ila r  to  th a t d eveloped  in  areas  
o f  l o e s s .
Mud Creek en te r s  th e  Huron R iver l e s s  than a m ile  from the  
mouth o f  th e l a t t e r  and throughout i t s  le n g th  i s  rough ly  p a r a l le l  
to  th e la r g e r  stream . Indeed, in  some c a se s  the d iv id e  i s  l e s s  than  
a te n th  o f  a  m ile  from th e Huron R iv er ,
P o s s ib le  F actors in  th e  Development o f  the Mature Topography
The porous nature o f the s i l t s  and sands (The bottom  sands o f  
Lake Lundy were ap p aren tly  once contin uous a c ro ss  th e r eg io n , but
148
now o n ly  a  few remnants rem ain .) i s  undoubtedly a fa c to r  in  the  
form ation  of th e  su rfa ce  form s, a s  i s  th e  c lo s e n e s s  o f th e  area  to  
r e g io n a l b ase  l e v e l ,  but th e se  do not p rov id e  the whole answ er.
Unanswered q u estio n s  are why th e  d is s e c t io n  i s  l im ite d  t o  the  
w est s id e  o f the Huron R iv er , when th e  lam inated  s i l t s  and bottom  
sands are p resen t to  th e e a s t  a l s o ,  and why such mature d is s e c t io n  
i s  not found a s so c ia te d  w ith  th e o th er  major stream s o f th e la k e  
p la in .  In  th e case  o f  the Sandusky R iv er , lam inated  s i l t s  are 
known to  be p re se n t and th e  l i t e r a t u r e  s tr o n g ly  su g g e sts  th a t  
s im ila r  d e p o s it s  are a s so c ia te d  w ith  the o th er  stream s, p a r t ic u la r ly  
th e  Rocky and Cuyahoga r iv e r s .
Comparison w ith  th e  Area o f  th e  Maumee I_ D e lta  o f  the Huron R iver  
Whatever th e cau ses o f  more rap id  e r o s io n  in  th e low er Huron 
R iver v a l l e y ,  i t  i s  su g g ested  th a t th e  area  o f  more mature d i s ­
s e c t io n  ju s t  so u th  o f  the Maumee I I I  beach in  th e Huron embayment 
(p . 115).. r e s u lt e d  from s im ila r  c o n d it io n s . The drainage tex tu re  
i s  not so f in e  th e r e , but t h i s  may be accounted fo r  by th e  th in  
co v er in g  o f  Late Cary t i l l  which o v e r l ie s  th e  porous sands and 
s i l t s .
MARL AW PEAT SEQUENCE 01 THE CAST ALIA PRAIRIE
North and w est o f  C a s ta lia  in  M argaretta Township, E rie  C ounty, 
and in  Townsend Township, Sandusky County, th ere  i s  what was form erly  
an e x te n s iv e  wet p r a ir ie ,  but which i s  now d ra in ed . U nderly ing  
3 ,5 0 0  to  '4,000 a cres  here a n d .a t e le v a t io n s  between 610 to  630 f e e t  
i s  an in t e r e s t in g  sequence o f  marl and p e a t b eds.
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The marl has "been e x p lo ite d  fo r  many yea rs  f o r  th e m anufacture 
o f  P ortlan d  cement and a t th e p r e se n t tim e ex ca v a tin g  i s  "being 
c a r r ie d  on "by th e  Medusa Cement Company fo r  i t s  p la n t  a t  B ayb rid ge , 
Ohio. The s tr ip p in g  o f  th e  marl and the d ig g in g  o f  drainage d itc h e s  
has exposed the s e c t io n  over a wide a rea .
Marl i s  a ls o  known to  u n d e r lie  th e w aters o f  Sandusky Bay and 
a t  th e tu rn  o f  th e cen tu ry  some o f t h i s  was mined fo r  cement p u rp o ses .
D e sc r ip tio n  o f D ep o sits  
W ithin th e  a rea  o f  th e  p r e se n t o p era tio n s  which i s  roughly  
o u t lin e d  by  Oxbo, Heywood and County Line roads and S ta te  Eoute 
269 th ere  are th ree  la y e r s  o f  p e a t  which are contin uous over the
a rea  a lth ou gh  t h e ir  th ic k n e ss  i s  q u ite  v a r ia b le .  (See P la te  XXX.)
The fo llo w in g  i s  a  com posite s e c t io n  fo r  th e area  o u t lin e d :
C a s ta lia  S e c tio n
U nit______________________D e sc r ip tio n _______________T hickness
8 P ea ty  s o i l  (removed over much o f 0' O'1 -  0 1 6 1 
th e  a r e a ) .
7 l i n e  gra in ed  w hite  m arl; s h e l l s  o f
m o llu sca  common; in c r e a s in g  amount
o f  v e g e ta b le  m a ter ia l toward th e
b a se , g iv in g  the marl a  gray c o lo r ;
ir r e g u la r ly  cemented m asses o f
m arl p r e se n t . I 1 0" -  2 1 6"
6 B lack  p ea t w ith  numerous s h e l l s  o f
m o llu scs  O' 6" -  1* 0"
5 B u ff co lo red  marl c o n s is t in g
la r g e ly  o f  Chara stem s and nod­
u le s ;  much s h e l l  m a te r ia l. En­
cru sted  stem s o f th e  reed  g r a s s ,
P h ragm ites. common; p eb b les  of 
c a lca reo u s  tu fa  in  th e low er
few  in c h e s . 1* 6" -  3 ' 0"
4  B lack  p ea t (q u ite  v a r ia b le  in
th ic k n e s s ) .  O’3 /4 " -  0 1 4"
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3 A lte r n a tin g  and ir r e g u la r  la y e r s
o f  r e la t iv e l y  pure marl and marl 
co n ta in in g  much organ ic  m a te r ia l.
Stems o f  reed  g r a ss  common, l 1 0" -  3 1 0 H
2 Marly p ea t c o n ta in in g  la r g e  quan­
t i t i e s  o f wood among which th a t  
o f th e  red ced a r , Juninerus v ir ­
g in !  ana i s  th e  most ch a ra cter ­
i s t i c .  0* 6" — 0* 8"
1 Blue c la y  s i l t  351 £.
In th e  course o f  d ig g in g  th e  marl th ic k e r  s e c t io n s  which seem 
to  he channel f i l l i n g s  are en cou n tered . They are l in e a r  and have 
a g en era l northw est trend  as does th e  n a tu ra l su r fa ce  drainage a t  
th e p r e se n t tim e. The sequence a lon g  th ese  l in e s  i s  th e same as  
th a t  g iv e n  above, i . e .  th e  "red cedar" la y e r  d ir e c t ly  o v e r l ie s  
the la c u s tr in e  s i l t s  in to  which th e  chann els are cut (Mr. Arthur 
L i t t l e ,  p erso n a l com m unication).
Records o f  w e lls  and d r i l l  h o le s  w ith in  the p r a ir ie  show 38 
to  55 f e e t  o f  la c u s tr in e  s i l t s  o v e r ly in g  th in  t i l l  and S ilu r ia n  
d o lo m ite .
Wood from th e  Peat 
Dr. George Bum s (195*0 made a  study o f  m a ter ia l c o l le c t e d  
from two o f th e  p ea t h orizon s (U n its  2 and 6 above) and id e n t i f i e d  
a  number o f  gen era: A cer . f r a x in u s . P o n u lu s. Ulmus. O nereus. O am in u s. 
Oarya, Cornus and Jan iceru s v ir g in ia n a . Except fo r  the l a s t  named, 
which was id e n t i f i e d  on ly  from the low er p e a t , th e  a s s o c ia t io n s  
in  th e  two la y e r s  are s im ila r  and l i k e  the h i s t o r ic a l  swamp fo r e s t  
com m unities o f  northern Ohio.
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Juninerus v ir g in ia n a  from th e  low er p ea t i s  o fte n  in te r p r e te d  
as in d ic a t in g  a  r e l a t i v e l y  low  w ater ta h le  and firm  s o i l  c o n d it io n s ,  
hut according to  Dr. Burns t h i s  i s  not n e c e s s a r i ly  s o ,  fo r  the  
s p e c ie s  i s  rep orted  from th e  lake borders and p e a ty  swamps in  M ichigan. 
N o n e th e le s s , th e  p ea t la y e r s  do rep resen t tim es o f  low er w ater ta h le  
than do th e marl h o r iz o n s .
A p ie c e  o f t h i s  •'red cedar" c o l le c t e d  by Dr. G oldthw ait was 
dated  h y  th e radiocarbon method a t 8 ,5 1 3  p lu s  or minus 500 years  
(L ib b y ,. 1951, p . 2 9 2 ).
O rigin  o f  the Marl
The subterranean w aters is s u in g  fo r th  through the B lue Hole 
and o th er  sp r in g s in  the reg io n  o f  C a s ta lia  are sa tu ra ted  w ith  
calcium  b ica rb o n a te , and calcium  carbonate i s  b e in g  d e p o s ite d  today  
around th ese  sp r in g s  and a long th e cou rses o f  th e stream s which th ey  
fe e d . P h ysico -ch em ica l r e a c t io n s  undoubtedly  cause some o f the  
p r e c ip i t a t io n ,  but the lim e p r e c ip it a t in g  stonew orts (C haraceae), 
which are p r e se n t , are a ls o  a fa c to r .  The g rea t abundance o f  
Ohara stem s in  the marl d e p o s its  of th e C a s ta lia  p r a ir ie  in d ic a te s  
th a t th ese  p la n ts  were a ls o  an im portant fa c to r  in  cau sin g  car­
bonate d e p o s it io n  in  th e  p a s t .  E. M. K indle (192?) enumerated as  
c o n d it io n s  favorab le  to  th e  growth of the v a r io u s  s p e c ie s  o f  Ohara 
a tem perate c lim a te , r e la t iv e l y  sh a llow  w ater, and p r o te c t io n  from  
the f u l l  fo r c e  o f  storm s.
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P I. XXX
S e c tio n  w ith in  C a s ta lia  P r a ir ie
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C o rre la tio n  o f the C a s ta lia  Sequence 
w ith  E vents in  th e  E rie  B asin
Pre-Lundy Low Water Stage
W ith th e  e x ce p tio n  o f th e p o s tu la te d  pre-Wayne low  s ta g e  
and Lake Wayne i t s e l f  i t  does n ot appear th a t th e  c o n d it io n s  
n e c essa ry  fo r  lu x u r ia n t Chara growth cou ld  have "been f u l f i l l e d  here  
b efo re  th e  tim e o f th e  Lundy l e v e l s .  Today th e Marblehead P en in su la  
sep a ra tes  Sandusky Bay from th e  open la k e , but th e bedrock h ig h s  on 
th e  p e n in su la  have maximum e le v a t io n s  o f 650 to  66U f e e t .  L i t t l e  
p r o te c t io n  cou ld  have been a ffo rd ed  w aters cov er in g  north w estern  
E rie  County by th ese  h ig h s when the lak e  l e v e l s  were a t  or above 
675 f e e t .  A lso the depth  o f  w ater a t  the h igh er  l e v e l s  would have 
been  to o  g rea t fo r  th e growth o f  th e  Characeae. Furthermore n e ith e r  
th e p ea t or marl d e p o s its  are t o  be found sou th  o f th e  Grassmere 
s h o r e lin e .
The d a te  o f  8 ,5 1 3  years can thus s a f e ly  be a l ig n e d  to  the 
g en era l p er io d  o f  Lake Lundy. The low er p e a t h o r izo n  i t s e l f  d o e s , 
o f  co u r se , rep resen t a  low  w ater s ta g e . Whether t h i s  s ta g e  occurred  
p r io r  to  or a f t e r  th e  Grassmere l e v e l  i s  perhaps open to q u estio n . 
Dr. G o ld th w ait's  s e c t io n s  measured here in  th e C asta lia . p r a ir ie  
c o n ta in  r e fer en ce  to  a sandy shore d e p o s it  o v e r ly in g  th e  c la y  s i l t  
and u n d erly in g  th e f i r s t  p ea t la y e r .  T his sand would presum ably  
rep resen t d e p o s it io n  w h ile  th e  la k e  stood  a t the Grassmere l e v e l .
In my own ex p er ien ce  th e  m a ter ia l im m ediately u n d er ly in g  th e  "red 
cedar" h or izo n  was c la y  s i l t  w ith  a. la y e r  o f  s i l t  and f in e  sand 
e ig h t  to  tw elve  in ch es  below  th e p e a t . Below t h i s  u n it  th ere  seems
15.^
to  be a  continued and ir r e g u la r  a lte r n a t io n  between c la y  s i l t  and 
th e  co a rser  s i l t ,  an a lte r n a t io n  such as i s  ty p ic a l  o f th e  p o o r ly  
lam inated lacu B tr in e  s i l t s  found e lsew h ere. For t h is  reason I 
have p la ced  the low w ater s ta g e  in  a pre-Lundy (pre-G rassm ere) 
p o s it io n  in  the chronology (Table V I). I t  i s  reco g n ized , however, 
th a t i t  may have occurred a f t e r  th e  Grassmere l e v e l .
Suggested Causes o f  Continued A ltern a tio n  o f D ep o sitio n
A w e ll  founded c o r r e la t io n  o f the remainder of the C a sta lia  
sequence w ith  ev en ts  in  the E rie  b a s in  i s  im p ossib le  a t  the p resen t  
tim e. Dr. Paul Sears has c o l le c t e d  m a ter ia l fo r  p o lle n  a n a ly s is  from 
th e whole s e c t io n  o f  la c u s tr in e  and swamp d e p o s its  and th e  r e s u lt s  
o f  h is  study can be expected  to  help  c la r i f y  the s i tu a t io n .
Undoubtedly during some of th e  tim e th e peat-m arl sequence was
b e in g  d ep o sited  Lake E rie  e x is te d  w ith in  th e E rie  b a s in . I t  i s  per­
haps worth su g g estin g  th a t U n its  b- and 6 o f  th e com posite s e c t io n  
may rep resen t the p er io d s o f p o s tu la te d  low E rie  l e v e l s .
I t  may a ls o  be th a t the a lte r n a t io n  o f  p eat and marl h orizons
i s  sim ply th e  r e s u lt  o f a f lu c tu a t in g  w ater ta b le  caused by c lim a tic  
c o n d it io n s . Poor in t e r io r  drainage i s  th e r u le  in  th e : p o r tio n s  o f  
th e la c u s tr in e  p la in  which are u n d erla in  by c la y  s i l t s  and c la y s  
such as th ose o f  U nit 1.
At l e a s t  one oth er p o s s i b i l i t y  e x i s t s  and th a t i s  th a t th e  
sequence o f  h orizon s here a t C a sta lia  i s  th e r e s u l t ,  in  p a rt at 
l e a s t ,  o f  ea rth  movements w ith in  the Great Lakes reg io n .
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The f a c t  th a t  the southern and w estern  shores o f  Lake E rie  are  
b ein g  p r o g r e s s iv e ly  inundated w h ile  th e northern  and e a s te r n  shores  
are r is in g  has long been reco g n ized . I t  would he d i f f i c u l t  to  escape  
the ev id en ce th a t the r iv e r  mouths a lon g  the southern shore are drowned 
w h ile  th ose  on th e o p p o site  shore o f th e la k e  are n o t. Furthermore the 
abandoned beach  r id g e s  o f  th e E rie  b a s in  ea.st o f  A shtabula, Ohio, in  
common w ith  th e g la c ia l  lake s h o r e lin e s  o f  the northern lak e b a s in s ,  
g iv e  ev id en ce o f  p r o g r ess iv e  u p l i f t  t o  the n o r th e a s t . G. K. G ilb er t  
(1398) was the f i r s t  to  attem pt to  assem ble lak e  l e v e l  record s to  
show th a t t h i s  u p l i f t  i s  co n tin u in g  tod ay  and i s  a c tu a l ly  m easurable 
over the sh ort tim e fo r  which record s are a v a ila b le .
G ilb e r t ’ s in te r p r e ta t io n  of th e w ater gauge record s in d ic a te d  
a r e g io n a l u p l i f t  o f  about 0.A2 fo o t  per 100 m ile s  per cen tu ry . His 
s ta t io n s  were few , however, and he d id  not lo o k  fo r  any t i l t i n g  where 
the beaches were b e lie v e d  to  be h o r iz o n ta l . The submergence o f  the sou th  
sh o re , he ex p la in ed , was th e  re .su lt of the upwarping o f the n o rth ea stern  
end o f  the lak e  and th e  N iagara R iver o u t le t .  H is rep ort ( ib id ,  p . 639) 
o f  maximum in u nd ation  a t Toledo and Sandusky did  not n egate the concept 
o f  th e "area o f h o r iz o n ta lity "  southw est o f  a  r eg io n  which was b e in g  up- 
warped to  the n o r th e a s t , fo r  the f i r s t  named l o c a l i t y  i s  a t the extreme 
w estern  end o f the lak e and the second s t a t i o n ' i s  lo c a te d  near t h e . south­
ernmost p o in t on the lake shore,
Gutenberg (1933) w ith  record s from a d d it io n a l s t a t io n s  and fo r  a 
lo n g e r  p er io d  o f tim e reev a lu a ted  th e  ev id en ce fo r  c r u s ta l  movement 
in  the Great Lakes r eg io n . The r e s u l t s  of h is  c a lc u la t io n s  fo r  the
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E rie  "basin were "but l i t t l e  d i f f e r e n t  from th o se  o f  G ilb e r t . On an 
iso b a se  map ( ib id ,  p . 4 5 8 ) , however, he showed north w estern  and north  
c e n tr a l Ohio as b e in g  within-; th e  reg io n  o f  c r u s t a l  movement.
Moore (1948) w ith  s t i l l  a d d it io n a l in form ation  in te r p r e te d  the  
m atter o f  c r u s ta l  movement in  th e Great Lakes r eg io n  somewhat d i f f e r ­
e n t ly  than had p rev io u s w orkers. In stea d  of u p l i f t  north  o f  h inge  
l i n e s  lo c a te d  on the b a s is  o f  beach e le v a t io n s ,  he f e l t  th a t th e  
ev id en ce showed th at a l l  o f  the Great Lakes a rea , excep t fo r  th e ex­
treme north w estern  p o r tio n  o f  the Superior b a s in , i s  su b sid in g  and 
th a t w ith in  the E rie  b a s in  subsidence i s  g r e a te s t  a t Port C lin to n , 
and l e a s t  a t B u ffa lo . Hot on ly  i s  w ater b e in g  "poured" to  the south­
ern edge o f th e la k e , but the a c tu a l volume o f w ater w ith in  th e  b a s in  
i s  a ls o  in c r e a s in g .
In a ccep tin g  Moore*s d ata  and th e  in te r p r e ta t io n  he p la c e s  upon 
them one i s  im m ediately fa ced  w ith  the d i f f i c u l t y  o f  f i t t i n g  i t  in  
w ith  th e  ev id en ce  o f th e  beaches and the concept o f  the "area o f h o r-  
iz o n ta l i ty "  d er iv ed  from them. H is map ( ib id ,  P I . I )  d e f i n i t e l y  in ­
d ic a te d  unequal in u n d ation  ( d i f f e r e n t ia l  movement) along the sou th  
shore o f  Lake E rie  and yet' a l l  of  th e abandoned beaches ap p aren tly  
m ain ta in  ra th er  co n sta n t e le v a t io n s .  During t h i s  stud y  a number o f  
checks were made w ith  an a lt im e te r  on th e  w ater l e v e l s  in d ic a te d  by 
th e  va r io u s beach r id g e s  in  E rie  County. A ll  th e rea d in g s f e l l  w ith ­
in  th e  ranges recogn ized  fo r  the same beaches a t th e w estern  end of 
the la k e  b a s in . True, th e  amount o f movement Moore c a lc u la te d  fo r  
th e v a r io u s s ta t io n s  a long th e sou th  shore during th e  p er io d  o f  the
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record s f a l l s  w ith in  th e  l im i t s  o f  accu racy o f  th e  a l t im e t e r ,  hut 
presum ably t h i s  movement began thousands o f  years ago and by now i t  
should  be r e f le c t e d  in  deformed b ea ch es.
T his q u estio n  o f  th e  v a l i d i t y  o f the "area o f  h o r iz o n ta lity "  
d e ser v e s  fu r th e r  stu d y  but whether or not M oore's h y p o th es is  i s  
c o r r e c t , i t  seems c e r ta in  th a t the E r ie  b a s in  i s  a f f e c te d  b y  ea r th  
movements, The ra te  o f movement does not appear to  be c o n s ta n t, how­
e v e r , and another p o s s ib le  ex p la n a tio n  o f the C a s ta lia  sequence may 
be t h i s  warping. On t h i s  b a s is  th e  p e r io d s  o f  marl d e p o s it io n  may 
rep resen t p e r io d s  o f  a c c e le r a te d  in u n d ation  o f  th e  south  sh ore . The 
swamp f o r e s t  would th en  r e f l e c t  tim es o f  l e s s  movement when d e p o s it io n  
o f  marl had b u i l t  up th e  su r fa c e .
Perhaps a l l  th ree  su g g ested  ca u ses  -  c l im a t ic  f lu c t u a t io n ,  changes 
in  lak e  l e v e l ,  and ea r th  movements -  may have p layed  a  p a r t in  d evelop ­
in g  the s e c t io n  of a lte r n a t in g  h o r izo n s w ith in  th e  C a s ta lia  p r a ir ie .
At the p resen t tim e , how ever, a l l  th a t can be sa id  i s  th a t  the immediate 
cause l i e s  in  a  f lu c t u a t in g  w ater ta b le ,
LiMINATED SILTS OP THE SAHDtTSKY BAY REGION
West o f  C a s ta lia  P r a ir ie  and a p p aren tly  a l l  a lon g  th e south ern  
shore o f  Sandusky Bay and fo r  two or th ree  m ile s  sou th  o f  i t ,  d itc h e s  
and ex ca v a tio n s  show lam inated  sed im ents o f  s i l t ,  c la y  s i l t  and 
s i l t y  c la y  im m ediately  below  the A zone o f  th e  s o i l  p r o f i l e .  I t  i s  
n ot knownwhether th e se  s i l t s  are con tin u ou s w ith  th o se  m entioned by 
W inchell ( l 8 ?h, p . 606) in  the v i c i n i t y  o f  Fremont, but from th e  known 
d is t r ib u t io n  i t  appears th a t th ese  lam inated  d e p o s it s ,  l ik e  th o se  o f
1 5 *
th e  Huron. R iver v a l le y ,  are a s so c ia te d  w ith  the v a l l e y  o f a trunk  
stream . (Sandusky Bay i s  the drowned mouth o f the Sandusky R iv e r .)
D e sc r io t io n
The r e g u la r ity  o f  the lam inae i s  not as good g e n e r a lly  as in  the  
Huron v a l l e y  sed im en ts, e i t h e r  in  regard to  h o r iz o n ta l c o n t in u ity  or 
th ic k n e s s . The th ick n e ss  o f  th e  in d iv id u a l lam inae vary from about 
o n e -s ix te e n th  in ch  to  s i x  in ch es  or more; the very th in  la y e r s  ( l e s s  
than o n e -s ix te e n th  in ch ) are u s u a l ly  o f the co a rser  m a ter ia l w h ile  th e  
th ic k e r  la y e r s  may be e i t h e r  s i l t ;  or c la y  s i l t .  Wien view ed under the  
m icroscope th e  s i l t  i s  seen  to  c o n s is t  alm ost e n t ir e ly  o f quartz g r a in s .  
No d ia t a c t ic  s tr u c tu r e  wax observed .
Comparison w ith  W ilson 1s Sandusky Bay 
"Varves1
As n e a r ly  as I can t e l l  from th e i l lu s t r a t io n s  and d e s c r ip t io n s  
th ese  sedim ents are s im ila r  to  th o se  recovered  by Ira  T. W ilson from 
co res  in  Sandusky Bay (W ilson, 1943) an<i  Ross (1950) near th e  
B ass I s la n d s . W ilson b e lie v e d  th a t  th ese  la m in a tio n s were g la c ia l  
v a r v es , bu t from h is  d e s c r ip t io n  and th a t o f  Dr. Paul B. Sears (1948, 
p . 542) i t  i s  ev id en t th a t  d ia t a c t ic  s tr u c tu r e  was la c k in g . W ilson  
counted th e p a ir s  o f  lam inae in  the c o r e s , however, and d er ived  a 
f ig u r e  o f  1 2 , 2 2 3 , which he p o s tu la te d  was the le n g th  o f tim e th a t  
g la c ia l  la k e s  had e x is t e d  in  th e  B rie  b a s in .
V a lid ity  of W ilson 's  "Varves11
As in  the case o f  th e  Huron v a l le y  sed im ents the la c k  o f  d ia t a c t ic  
s tr u c tu r e  c a s t s  doubt on an in te r p r e ta t io n  which r eco g n ize s  th e  p a ir s
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o f  lam inae a s  v a r v es , although, i t  i s  true th a t under c e r ta in  c o n d it io n s  
t h i s  may he la c k in g  in  hona f id e  g la c ia l  v a rv es . Antevs (1953> P» 218) 
commented, however, th a t  th e  Sandusky Bay sedim ents d id  not resem ble  
g la c ia l  v a rv es .
G onditions o f  D ep o sitio n
!I!he a s s o c ia t io n  o f th e lam inated  sedim ents in  both th e Sandusky 
Bay and Huron R iver areas w ith  the v a l le y s  o f  extended consequent 
stream s su g g e sts  th a t land  d er ived  w aters should have had a fa r  g r e a te r  
in f lu e n c e  than d id  g la c ia l  m elt w a ters , p a r t ic u la r ly  s in c e  the ic e  fr o n t  
p o s i t io n s ,  as determ ined by m oraines, were a t l e a s t  150 m ile s  d is ta n t  
during a l l  p o s t-W h itt le se y  tim e.
Antevs (1925. p . 29) f e l t  th a t Lake Algonquin had been  e s s e n t ia l l y  
a tem perate lak e and th a t even m a ter ia l brought in to  i t  by ic e - f e d  
stream s was f lo c c u la te d  too  r a p id ly  to  a llo w  th e  form ation  o f  v a rv es , 
and he s ta te d , furtherm ore, ( ib id ,  p . 33 ) th a t varved g l a c i a l  c la y s  
seemed to  be formed o n ly  o f  m a ter ia l brought by m elt w ater stream s.
More s p e c i f i c a l l y  the same author (A ntevs, 1953. 218) exp ressed  the
o p in ion  th a t  the Sandusky Bay area  was too  fa r  removed from th e  ic e  
fr o n t during Lake Warren and Lake Lundy fo r  d e p o s it io n  to  have been  
in f lu e n c e d  by th e g la c ie r .
My own exp erien ce  th a t in  north  c e n tr a l Ohio th ere  was no appre­
c ia b le  d e p o s it io n  o f la c u s tr in e  sedim ents p r io r  to  Lake Warren and th e  
f a c t  th a t the p r o f i l e  o f  w eathering i s  developed  in  the lam inated  
sedim ents seems to  in d ic a te  th a t th ey  are not pre-Warren in  age e i t h e r .
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A number o f  authors (Hansen, 19^-0; A n tevs, 1951 i and Wood, 19^7) 
have d escr ib ed  th e form ation  o f  sh ort term c l a y - s i l t  c o u p le ts  under 
l o c a l l y  c o n tr o lle d  c o n d it io n s . In th e se  c a se s  two or more c o u p le ts  are  
d e p o s ite d  during the course o f  a y e a r , so  th a t cou n tin g  o f  p a ir s  o f  lam­
in a e  g iv e s  an exaggerated  p ic tu r e  o f the len gth , o f  tim e rep resen ted .
Comparison o f  Radiocarbon Dates' w ith  W ilson 1s Varve Y ears.
The ta b le  o f  radiocarbon d a tes  fo r  th e B rie  b a s in  i s  in s e r te d  here  
(p . l 6 l )  fo r  purposes o f  comparison w ith  W ilson1 s varve year f ig u r e  o f  
1 2 ,2 2 3 . I t  i s  tru e th a t many age d eterm in ation s based on th e  carbon-1^  
r a t io  are q u estio n a b le  and some d a tes  are undoubtedly erron eou s, th e erro rs  
sometimes b e in g  due to  contam ination  o f  m a te r ia l, and som etim es, t o  in c o r ­
r e c t  in te r p r e ta t io n  o f th e s tr a t ig r a p h ic  framework from which th e  m a ter ia l  
was c o l le c t e d .
There i s  l i t t l e  doubt regard in g  the s tr a t ig r a p h ic  p o s i t io n  o f th e  
h orizon s from which th e  f o s s i l  m a ter ia l fo r  date "b11, "c" and "d" were 
tak en , a lth ough  th ere  i s  some danger in  the c o r r e la t io n  between lak e  
b a s in s  in v o lv ed  in  tr a n s fe r r in g  date  "c" to  the B rie  b a s in . A ll  th ree  
d a te s , however, do g iv e  an a ccep ta b le  span o f tim e fo r  th e  e v en ts  in ­
vo lved  and t h is  i s  one argunnsent fo r  the v a l id i t y  o f th e c o r r e la t io n .
The tra n sferen ce  o f date  " f11 i s  more ten u ou s, however. The 
m a ter ia l dated  i s  from a  human occu p ation  s i t e  in.Hew Y ork:State  
which p o s t -d a te s  the d ra in in g  o f  Lake Iro q u o is . Most a u th o r it ie s  
b e l ie v e  th a t t h i s  occurred w h ile  Algonquin I I I  e x is t e d  in  the upper 
la k e  b a s in s  and B rie  I I I  i s  presum ably a c o r r e la t iv e  o f  Algonquin I I I .
D ates "a" and Me M are e s t im a te s  o n ly .
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TABLE VII
CHRONOLOGY FOR THE ERIE BAS IK 
BASED ON RADIOCARBON DATES
Approximate Years B efore E stim ated  years
B eginning o f -  1950 s in c e  Maumee
 _______________________ ;__________ II Began
a . Maumee II ( 1 5 , 000)
B. W h ittle sey 1 3 ,6 0 0 ^ 0 0 1 ,4 0 0
c . Wayne 1 1 ,40*1^350 3 ,5 9 6
d. Lundy 8 ,5 1 3 ^ 0 0 7 ,4 8  7
e . E rie  I ( 6 , 000) 9 ,0 0 0
f .  E rie  I I I 4 , 930^260 10 ,070
a . estim ated
B. wood from the Base o f W h ittle sey  Beach in  n o rth ea stern  
Ohio (S u ess , 1954, P* 469)
c . wood from "red ced ar"layer in  fr o n t o f  the G-ira-ssmere 
l e v e l ,  C a s ta lia  P r a ir ie ,  Ohio (LiBBy, 1951. P* 292)
d. wood from Two Creeks fo r e s t  Bed (= pre-Wayne low s ta g e )  
near Manitowoc, W isconsin  (LiBBy, 1952, p . 88)
e . estim ated
f .  charred wood from Frontenac I s la n d , Cayuga Lake, N.Y. 
(p o st Iroq u ois d ra in in g ) (F l in t  and Deevy, 1951, p .,2 8 3 )
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Even i f  W ilson 's assum ption th a t c o n d it io n s  fo r  varve form ation  
were p resen t in  th e  Sandusky Bay area  during a l l  o f  the p e r io d  o f  the  
g la c ia l  la k e s  in  the E rie  b a s in  was a c c e p ta b le , the le n g th  o f  tim e  
seems e x c e s s iv e  when compared w ith  radiocarb on  chron ology , but as 
shown above such co n d itio n sp ro b a b ly  d id  n o t e x i s t  here during most 
o f  th e  g la c ia l  lake p e r io d .
Carbonate d i s t r i  b it io n  in  the lam inated  d e p o s it s  of the Sandusky Bay
reg io n
In n o r th ea stern  Sandusky County and northw estern  E rie  County auger 
h o le s  rev ea led  a  c u r io u s 'c o n d it io n  in  th e lam inated  s i l t s :  the f in e r
la y e r s  were leach ed  o f  calcium  carbona.te to  a  depth sometimes as much 
as 20 in ch es below  th a t of the co a rser  s i l t  la y e r s  in  the same h o le .  
This c o n d it io n  was not reco gn ized  u n t i l  the l a s t  weeks o f the la k e  
p la in  phase o f th e  f i e l d  work and tim e d id  not a llo w  a retu rn  to  
l o c a l i t i e s  a lrea d y  s tu d ie d , so  i t  cannot be sa id  th a t t h i s  i s  the on ly  
area  where th e  s i t u a t io n  e x i s t s .  I t  was not u n iv e r s a l everywhere in  
the Sandusky Bay a rea  and the d if f e r e n c e , i f  p resen t e lse w h e r e , was 
c e r t a in ly  not as g r e a t .
A ntevs (1925 , P* l i s t e d  a d if fe r e n c e  in  the o r ig in a l  carbonate  
con ten t o f  th e lam inae as one of th e c r i t e r i a  fo r  the r e c o g n it io n  o f  
annual la y e r s .  I t  i s  d i f f i c u l t  to  im agine, however, th a t  th e o r ig in a l  
d if fe r e n c e  cou ld  have been so great as to  a llo w  15 in ch es o f  v a r ia t io n  
in  the depth o f lea ch in g  a t the p resen t tim e. A lso th e  s i l t  c o n s is t s  
la r g e ly  o f g r a in s  o f  qu artz.
I t  seems p o s s ib le  th a t th e ground w ater moving downward and l s k e -  
ward from th e C a sta lia  area  i s  s t i l l  h ig h ly  charged w ith  calcium  b i -
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carbonate and as i t  moves a lon g  the more perm eable s i l t  la y e r s  i t  
d e p o s it s  calcium  carbonate in s te a d  o f  removing i t .
HOMOGENEOUS CLAY SILTS
Under the heading o f homogeneous c la y  s i l t s  are in clu d ed  la c u s tr in e  
sed im ents which have o c ca s io n a l and ir r e g u la r ly  spaced s tr ea k s  or le n s e s
o f  co a rser  s i l t s  and f in e  sand. In E rie  County such sed im ents are found
m ain ly  n orth  o f  the Lake Warren shore and between the Sandusky Bay and 
Huron R iver v a l le y  areas o f  lam inated  d e p o s its  (P I . I ) .  The sand, s i l t ,  
c la y  p ercen ta g es o f  s e v e r a l r e p r e se n ta tiv e  samples o f  t h i s  m a ter ia l are 
p lo t te d  on the diagram o f  P la te  XXIX, F igure 2 . The diagram shows th a t  
th e g r a in  s iz e  d is t r ib u t io n  i s  the same as th a t o f  th e f in e r  la y e r s  o f  
the lam inated  sed im en ts.
The homogeneous c la y  s i l t s  are in te r p r e te d  as the normal type o f
d e p o s it io n  away from the d ir e c t  in f lu e n c e  o f  the r iv e r s ,
BOTTOM SAND DEPOSITS
R eference i s  made here to  w ater d e p o s ited  sands which are spread  
out over the f l a t  la c u s tr in e  p la in  and cannot d e f i n i t e l y  be a s so c ia te d  
w ith  any beach r id g e . Hot in c lu d ed  are th e sandy aprons which some­
tim es extend  out in  fr o n t o f th e r id g es  fo r  a  d is ta n c e  o f sev e r a l  
hundred yard s.
These bottom  sands are o fte n  on ly  a th in  m antle over la c u s tr in e  
s i l t s ,  but in  se v e r a l l o c a l i t i e s  th e  th ick n e ss  i s  s u f f i c i e n t  to  make 
s tr ip p in g  fo r  u se  as m olding sand f e a s ib le .
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D is tr ib u t io n
The e n t ir e  area  from th e w estern  edge of Perkins To\tfnship to  Ceylon  
in  B e r lin  Township, E r ie  County, i s  la r g e ly  a b e l t  o f bottom  sand d e - ' 
p o s i t s .  West o f  S ta te  Route k ( Sandusky-M ilan R d.) the sends do not 
extend  to  the p resen t sh o re , but e a s t  o f  Sandusky, ex cep t where th e  
marsh d e p o s its  behind Cedar P o in t are p r e se n t , th ey  cover the su rface  
betw een th e  Lundy sh o r e lin e s  and th e p r e se n t  la k e . I t  i s  not q u ite  c le a r  
whether the southern l im it  o f  t h i s  b e l t  i s  the Grassmere or E lkton  shore­
l i n e .  In some c a se s  the bottom sands seem to  extend alm ost to th e 6k0 -  
fo o t  l e v e l ,  but more commonly. I b e l i e v e ,  on ly  to  th e  620“fo o t E lk ton  
l e v e l .  N e ith er  s ta g e  i s ,  o f  co u rse , rep resen ted  by more than a  few  
fragm entary b each es. I t  can be s a id , however, that the areas o f  th ic k ­
e s t  sands l i e  north  o f the E lk ton  con tou r.
D e sc r ip tio n
The sand i s  medium to  f in e  gra in ed  and th ere  i s  l i t t l e  ev id en ce  
o f s t r a t i f i c a t i o n .  The g r e a t e s t  observed th ick n e ss  was s i x  f e e t  in  
a p i t  ju s t  e a s t  o f  the Huron R iver and a lon g  the R iver Road.
M olding Sand
Since a t l e a s t  1900 much o f t h is  sand has been removed and 
shipped to  L orain  or C leveland fo r  u se  as m olding sand. The g en era l  
method i s  ju s t  to  s t r ip  i t  from the su rfa ce  and a f t e r  a few y e a r s , 
when th e f i e l d s  have been returned to  c u l t iv a t io n ,  th ere  i s  v ery  
l i t t l e  apparent change in  the lan d scap e .
ORGANIC REMAINS
Recovery o f the remains o f p la n ts  and anim als from P le is to c e n e  
a.nfl e a r ly  p o s t - g la c ia l  d e p o s its  has taken on a new importance w ith  the  
advent o f radiocarbon d a tin g . In a d d it io n  to  t h is  new va lu e  such  
m a ter ia l s t i l l  r e ta in s  i t s  o ld  u se fu ln e s s  in  g iv in g  in form ation  con­
cern in g  environm ental co n d itio n s  a t  or ju s t  preced in g the tim e of 
b u r ia l .
MASTODON PROM THE DEEIANCE MORAINE BELT
In 1951 th e  remains o f  a mastodon were uncovered in  a drainage  
d itc h  500 f e e t  e a s t  o f  the B & 0 R. R. c ro ss in g  on the E t. B a ll Road, 
sou th east o f  W illard , Huron County. The animal had ap p aren tly  f a l l e n  
in to  a sm all bog developed in  a k e t t l e  h o le  near th e fro n t o f  the De­
f ia n ce  m oraine. The mammoth, an in h a b ita n t o f  co n ifero u s  f o r e s t s ,  
o b v io u sly  p o s t-d a te s  th e  development o f the m oraine.
SHELLS ASSOCIATED WITH THE BEACH DEPOSITS
W h ittle sey  (1850> 35) made a g en era l referen ce  to  gastropod
s h e l l s  found in  the sand o f  th e beach r id g e s . I spent se v e r a l dpys 
in  V0.rious g ra v e l p i t s  search ing fo r  m olluscan s h e l l s  but d id  not f in d  
any. Earners on whose land th e p i t s  are lo c a te d  rep ort th a t such  
f o s s i l s  are to  be found and were fr e q u e n tly  c o l le c te d  in  the days be­
fo re  mechanized methods of ex ca v a tio n .
WOOD ASSOCIATED WITH BEACH RIDGES
W h ittlesey  ( I 85O, p . ^9) a ls o  re ferred  to  wood a t  the base o f  the  
beach r id g e s . H is s p e c i f ic  referen ce  was to  the m iddle r id ge (W h ittle sey )  
in  the reg io n  e a s t  o f  E rie  County. I was ab le  to  c o l l e c t  a sm all p ie c e
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o f  wood which had "been removed from th e base of the same bea.ch r id g e  in  
e a s te r n  Sandusky County, The wood was su b seq u en tly  id e n t i f i e d  by Dr. 
George W. Burns as sp ru ce, " . . . i n  a l l  p r o b a b il i ty  b la ck  spruce (P ice a  
m a r l  an a .) ii. I t  was wood from th e  base o f t h i s  same beach fa r th e r  e a s t ,  
which was c o l le c t e d  by Dr. YJhite and dated  by radiocarbon a n a ly s is  a t  
13 ,600  y e a r s , p lu s  or minus 500 (S u e ss , 195^> p .^ 6 9 ) .
The specim en which Dr. Burns in d e n t if ie d  was p a rt o f  a la r g e  lo g  
taken  from a w e ll  in  1950* w e ll  i s  lo c a te d  on th e  Y Jhittlesey r id ge
in  th e NW5 , S ec . 10 , T4iT, R17®, Sandusky County. The lo g  was removed 
during a  c lea n in g  o p era tio n  and thrown in to  th e farmyard where i t  
d is in te g r a te d  r a p id ly  during th e  fo llo w in g  w in ter  and sp r in g , u n t i l  
a t th e end o f the summer o f  1951 on ly  a  few  fragm ents rem ained.
According to  accounts o f  th e farm ers a lon g  the W h ittle sey  r id ge  
n o r th ea st o f  Clyde, th ere  i s  an e x te n s iv e  d e p o s it  o f woody d eb r is  a t  
the base o f  th e sand and o v e r ly in g  (? ) t i l l  ("b lue c la y  w ith  p e b b le s" ) .  
In the p a s t  numerous sh a llow  w e lls  were dug to  the base o f th e sand 
where w ater was encounterd . Water from th e se  w e lls  t a s t e s  so s tr o n g ly  
o f  d ecayin g  v eg e ta b le  m atter th a t i t  has never been used  oth er than fo r  
l iv e s t o c k .
The wood undoubtedly rep resen ts  f o r e s t  growth during th e Arkona 
s ta g e , and then when th e w aters rose to  the W h ittle sey  l e v e l  i t  was 
washed to  the shore o f  the new la k e .
Dr. Burns’ id e n t i f i c a t io n  o f the wood as b la ck  spruce f i t s  in -  
n ic e ly  w ith  a  p o l le n  sequence rep orted  by Loren J o t t e r  (19^7, pp.
A15-^17) from a sh a llow  bog n orth  o f  th e  W h ittle sey  beach , fo u r  m ile s
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north w est o f  Norwalk. She hog m a ter ia l o v e r l ie s  sand, b e lie v e d  by- 
P o tte r  to  rep resen t Maumee d e p o s it io n , and th e  bog p r o f i l e  b eg in s  w ith  
a c le a r  predominance of spruce p o l le n .  T his la y e r  o f  p e a t i s  o v e r la in  
by another sand d e p o s it  c o r r e la te d  w ith  Lake W h ittle se y , which in  tu rn  
i s  fo llo w ed  by more p ea t in  which th e  p in e  maximuajis reached q u ite  c lo s e  
to  the bottom .
Both in  th e  p o l le n  sequence and in  th e wood from the base o f  the  
W h ittle se y  r id g e  we have ev id en ce  which p o in ts  to  th e  f a c t  th a t  the  
c lim a te  during th e Lake Arkona sta g e  was ex trem ely  w e ll  su ite d  fo r  the  
growth o f  sp ru ce. Cool wet c l im a t ic  c o n d it io n s  are b e lie v e d  optimum fo r  
sp ru ce, and in  p o lle n  p r o f i l e s  from th e  U nited  S ta te s  i t s  maximum i s  
g e n e r a lly  found a t  the base o f the bog s e c t io n s .  In  t h i s  country th e  
tundra phase i s  u s u a lly  not rep resen ted  (D eevy, 19^91 P . 1 3 5 6 ).
WOOD REPORTED PROM OTHER BEACH DEPOSITS
N. H. W inchell (1873 , p . 605) rep orted  fin d in g  s t ic k s  and bark  
o f  the "w hite11 b ir c h , (th e  Forth American w hite b ir c h  i s  Be tu la  
p a p y r ife r a , ) in  a 12 fo o t  bank o f f in e  sand exposed in  th e  quarry 
o f  Jacob Bachman a t B e lle v u e , Sandusky County. A lthough I cou ld  
not id e n t i f y  the quarry and was unable to  f in d  a s im ila r  d e p o s it  o f  
wood, i t  would seem from th e  g en era l lo c a t io n  th a t th e sand i s  th a t o f  
one o f  the Maumee l e v e l s .  B etu la  p a p y r ifera  i s  a tr e e  o f  the more 
northern  la t i t u d e s  and today exten d s north  to  the edge o f  the tundra.
The in d iv id u a l members o f  the fa m ily  are not id e n t i f i e d  in  p o l le n  
s tu d ie s ,  but the B etu la cea  are recogn ized  a t an e a r ly  sta g e  in  many 
b o g s .
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CASTALIA COLLECTIONS
Wood from th e C a s ta lia  P r a ir ie  jPaiDosits 
C o lle c t io n s  o f  wood were made from two o f th e p ea t la y e r s  a t  
C a sta lia . In 1950 Dr. R* G oldthw ait obta in ed  a p ie c e  o f  the wood 
from the lowerm ost and i t  was dated  hy the r a d io a c t iv e  carbon method 
a t  the Argonne Laboratory o f the U n iv e r s ity  o f C hicago. The d ate  a rr iv ed  
a t was 8 ,5 1 3  y e a r s , p lu s  or minus 500 (L ibby, 1951. P* 2 9 2 ). The s t r a t i ­
graphy a t  C a s ta lia  would p la c e  th e p e r io d  o f  growth o f  growth o f th e  
t r e e s  a t  a time betw een th e developm ent o f th e  Warren I I I  beach and th e  
G-rassmere beach o f  Lake Lundy.
I c o l le c t e d  root m a ter ia l from th e  th ir d  p e a t la y e r s ,  but as i t  la y  
w ith in  two f e e t  o f  th e  su r fa ce  and had been p en etra ted  by ro o ts  o f  re ­
cen t p la n ts  i t  was u n su ita b le  fo r  carbon-1^ a n a ly s is .  The m a ter ia l c o l ­
le c t e d  was a ls o  g r e a t ly  im pregnated w ith  calcium  carbonate and i t  proved  
im p o ssib le  to  make a  g e n e r ic  id e n t i f i c a t io n  of th e wood. Dr. Burns d id  
r ep o r t , however, th a t th ere  was l i t t l e  doubt th a t  i t  was an angiosperm . 
Su bsequently  Dr. Burns has id e n t i f i e d  more m a ter ia l from p eat  
la y e r s  a t  C a s ta lia . The r e s u l t s  o f t h is  stu d y  were d isc u sse d  in  con­
n e c tio n  w ith  th e sequence o f  d e p o s its  (p . 1 5 0 ).
V erteb rate Remains 
In a d d it io n  to  the p la n t remains the C a s ta lia  d e p o s its  co n ta in  a  
f a i r  amount o f  bone m a te r ia l. Some o f t h i s  was c o l le c t e d  and la t e r  
id e n t i f i e d  fo r  me by Dr. Claude Hibbard. A lthough none o f  the m a ter ia l  
was, found in  p la c e , i t  would seem to  have come la r g e ly  from the low er  
p ea t la y e r  or a t  l e a s t  from the base  o f  the f i r s t  marl b ed , fo r  th e
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marl i s  exca v a ted  by power sh o v e l and ev ery th in g  down to  the b a sa l p ea t  
i s  ta k en . The bones are now found scattered u p on  the worked over su r fa ce  
w hich i s  a ls o  l i t t e r e d  w ith  th e "red cedar" d e b r is .
The la r g e s t  percen tage o f the bones id e n t i f i e d  b e lon g  to  the V ir g in ia  
d eer ( O dacoilus v ir g in ia n u s  v ir g in ia n u s )  and a t  l e a s t  h a l f  o f  t h i s  was 
from faw ns. The fo llo w in g  i s  th e l i s t  o f  v e r te b r a te  sp e c ie s  c o l le c t e d .
With the e x ce p tio n  o f  Mo. 1 , which was id e n t i f ie d  by Dr. H. B, T ordoff 
o f  the Museum o f  N atural H is to r y , U n iv e r s ity  o f  K ansas, the id e n t i f i c a t io n s  
are th o se  o f Dr. Hibbard.
1 . B ranta canadensis Canada g o o se , la r g e  male
2 . Cervus canadensis H lk , fragm ents o f  a n t le r s
3 . C helvdra serp en tin a Snapping t u r t l e , p la s tr o n
O dacoilus v ir g in ia n u s  
v ir g in ia n u s
V ir g in ia  d eer , many a n t le r  
fragm ents and l e g  bones
5 . Ondatra z ib e th ic a  
z ib e th ic a
M uskrat, jaw
6. R an gifer  carib ou Caribou, a n t le r  fragm ent
This l i s t  i s  not p a r t ic u la r ly  h e lp fu l from th e  p o in t  o f v iew  o f  
in te r p r e t in g  environm ental c o n d it io n s . A ll  the s p e c ie s  l i s t e d ,  w ith  
th e  e x ce p tio n  o f No. 6 , have wide ranges tod ay  and o f th e se  o n ly  the  
e lk  i s  not found w ith in  th e area  a t  the p resen t tim e and i t  cou ld  have 
and probab ly  d id  e x i s t  in  north ern  Ohio j u s t  p r io r  to  i t s  s e t t le m e n t .
In v erteb ra te  Bemains from C a s ta lia  
As th e  s e c t io n  on p .1^9 shows s h e l l s  are common in  b oth  th e  p ea t  
and m arl. Some o f  t h i s  m a ter ia l was c o l le c t e d  from each u n it  but no 
id e n t i f i c a t io n s  were made. A study o f  the C a sta lia  in v e r te b r a te s
m ight be h e lp f u l ,  however.
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P o lle n  A n a ly s is  o f  th e  C a s ta lia  D ep o sits  
She most v a lu a b le  approach to  th e  changing environm ents and the 
ev en ts  th e y  in d ic a te  w ith in  th e  B rie  b a s in  i s ,  I b e l i e v e ,  th a t o ffe r e d  
b y  p o l le n  a n a ly s is .  This has r e c e n t ly  been undertaken by Dr. Paul 
Sears who c o l le c t e d  not o n ly  from th e p ea t and marl but from a l l  the  
la c u s tr in e  sed im ents o v e r ly in g  the t i l l  and bedrock. T his stu d y  should  
y ie ld  much o f  in t e r e s t  and can be exp ected  to .h e lp  c l a r i f y  the sequence  
o f  th e l a t e r  1 'ake l e v e l s  as w e ll  as to  show whether the h y p o th es is  put 
fo r th  in  th e se  pages th a t th e  major p o r t io n  o f the la c u s tr in e  sed im ents  
in  the n orth  c e n tr a l p o r tio n  o f Ohio are a s so c ia te d  w ith'Lake Warren 
and l a t e r  s ta g e s  i s  c o r r e c t .
ECONOMIC GEOLOGY
Q uite p ro p er ly  the d is c u s s io n  o f  the econom ic g e o lo g y  o f  Huron and 
E rie  c o u n tie s  cou ld  in c lu d e  a d is c u s s io n  o f  th e  s o i l  and a g r ic u ltu r a l  
p o t e n t i a l i t i e s ,  end t h is  would be p a r t ic u la r ly  ap p rop ria te  as an 
appendage to  a report on th e  g l a c i a l  g e o lo g y  o f th e  two c o u n t ie s . Such 
a d is c u s s io n  i s  beyond the c a p a b i l i t i e s  o f  th e  w r it e r ,  however, Huron 
County has been  mapped in  d e t a i l  in  th e l a s t  te n  years by the S o i l s  
Survey o f  th e U n ited  S ta te s  Department o f  A g r icu ltu r e , but to  d a te  the  
rep ort and map have not been p u b lish ed . At th e tim e o f t h i s  stud y  (195*0 
n oth in g  but C o ffe y 's  (1915) recon n aissan ce su rvey  o f  th e  s o i l s  o f  the  
s ta te  was a v a ila b le  fo r  E r ie  County as a w h o le , however.
BEDROCK RESOURCES
At th e  b eg inn ing  o f  t h i s  rep o rt i t  was s ta te d  th a t a l l  o f  th e major 
ty p es  o f  sed im entary rocks were rep resen ted  w ith in  th e two c o u n t ie s .  I t  
cannot be cla im ed th a t the b la ck  sh a le  has made much o f  a  p o s i t iv e  con­
tr ib u t io n  to  the economy o f th e r eg io n , but lim e s to n e , d olom ite  and sand­
sto n e  are d e f in i t e  a s s e t s .
Limestone and D olom ite  
W estern E rie  County and the extrem e north w estern  t ip  o f Huron 
County are lo c a te d  on the b e l t  o f m id -P a leo zo ic  carbonate ro ck s. At 
th e  p resen t time th ere  are major quarrying o p era tio n s in  th ese  beds a t  
both  Sandusky and B e lle v u e . In the l a t t e r  area  the p resen t q u a rr ies  
are o u ts id e  o f the Huron and E rie  county b o rd ers, however. The on ly  
la r g e  E rie  County quarry now o p era tin g  i s  th a t o f  th e  Wagner Stone  
Company j u s t  sou th  o f the Old S o ld ie r s '  Home a t  Sandusky. In  p a st
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y ea rs  th e  reg io n  o f C a sta lia  was the s i t e  o f  f a i r l y  la r g e  op era tio n s  
in  both  th e  Devonian lim esto n e s  and upper S ilu r ia n  d o lo m ite s . These 
o ld  q u a rr ies  have been abandoned; however, a  new one j u s t  has begun  
o p e r a tio n .
Sandstone
The B erea sandstone here in  northern Ohio i s  an e x c e l le n t  b u ild in g  
ston e  and i s  shipped ra th er  w id e ly . A lso i t  was once used  e x te n s iv e ly  
fo r  th e  manufacture o f  gr in d  s to n e s . At one time se v e r a l B erea q u arries  
were operated  in  so u th ea stern  E r ie  County and n o r th ea stern  Huron County 
w ith  th e  one a t  B e r lin  H eights being  th e la r g e s t .  At the p re se n t tim e  
the B erea i s  not quarried  w ith in  th e  area  o f t h is  stu d y , a lth ou gh  the  
la r g e  q u a rr ies  are but a few  m ile s  e a s t  o f the county  l in e  near South 
Amherst, L orain  County, where the th ic k n e ss  o f  the sandstone and th e
even q u a lity  o f  th e  rock are most fa v o r a b le .
Some B erea sandstone was a ls o  quarried  f o r  lo c a l  use a t  Plymouth 
a number o f years ago.
Gypsum
The Tymochtee sh a ly  d o lom ite  (B ass I s la n d , Upper S ilu r ia n )  i s  
q u ite  g y p s ife r o u s  in  northern  Ohio and tod ay a la r g e  gypsum quarry  
i s  operated  on the Marblehead P en in su la , j u s t  a c ro ss  Sandusky Bay 
from north w estern  E rie  County. The Tymochtee i s  p resen t beneath  a  
co n sid era b le  th ick n e ss  of la c u s tr in e  sed im ents in  t h i s  p o r tio n  o f  E rie  
County and i t  i s  rep orted  (Ralph Bernhagen, p erso n a l communication) 
th a t a sm all amount o f  gypsum was mined from i t  a t  one tim e near th e '
p resen t ju n c tio n  o f U. S. Route 6 and S ta te  Route 269 .
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UKCOHSOLID ATSD ROCK RESOURCES
Sand and G ravel
With th e c o n s tr u c tio n  and m aintenance of roads on th e s c a le  
n e c e s s ita te d  by th e  modem age o f  autom otive tr a v e l  d e p o s its  o f sand 
and g r a v e l are o f  co n sid era b le  im portance, and the numerous e sk e r ,
Tram a and beach r id ge  d e p o s its  g iv e  Huron and E rie  c o u n t ie s  a la r g e  
supp ly  o f such m a te r ia l. There i s  one drawback to  the d e p o s its  o f  
g r a v e l found over much o f th e  a rea , however.
Everywhere e a s t  o f  the w estern  edge o f th e b la ck  sh a le  b e l t  the  
g r a v e l co n ta in s  to o  much sh a le  to  meet the s ta te  road s p e c i f ic a t io n s .  
The c o u n tie s  do u se  th e  g r a v e l, however, and th e sand i s  g e n e r a lly  
a c c e p ta b le .
In the d e s c r ip t io n  of th e v a r io u s s h o r e lin e s , m ention was made 
o f  coarse  cobble beaches around th e  bedrock h igh s o f  C a s ta lia . These 
d e p o s its  c o n s is t  a lm ost e n t ir e ly  o f lim esto n e  and are u sed  fo r  road  
m e ta l. The m a ter ia l does req u ire  cru sh in g , however, and th e e x te n t  o f  
th e se  cobble beaches i s  somewhat l im ite d .
M olding Sand
The s tr ip p in g  o f the th ic k e r  d e p o s its  o f  bottom  sands fo r  m olding  
sand has a lrea d y  been  d is c u s se d  (p . l 6 h ) .
Low Grade Ceramic Clay
The Lavey P o tte r y  p la n t a t  M ilan d id  u se  th e  lam inated  la c u s tr in e  
s i l t s  o f  th e Huron v a l le y  fo r  the m anufacture o f drainage t i l e  and 
u n g lazed  p o t te r y , but in  1951 th ey  abandoned t h i s  source and opened a
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p i t  in  th e  M iss is s ip p ia n  sh a le  (B edford s h .? ) .  At th e tim e o f my ■ 
in q u ir y  th ey  had found t h i s  more s a t i s f a c t o r y  than the la c u s tr in e  
m a te r ia l.
Marl
The o p era tio n s o f  the Medusa Cement Company a t  C a s ta lia  have a l ­
ready “been m entioned in  co n n ectio n  w ith  the s e c t io n  th ere  (p .l4 9 )»
The marl a t  C a sta lia  c e r ta in ly  has not been exh au sted , but th e company 
e s t im a te s  show th a t over o n e -h a lf  o f  th e  u sa b le  marl haa been e x tr a c te d .  
In  a d d it io n  to th e  le a s e  now b e in g  operated  the company h o ld s  one in  
S ec. 14 , T6lT, E l?E , Sandusky County. T his area  i s  much sm aller  than  
th a t a t C a s ta lia  and i s  a s so c ia te d  w ith  th e  drainage l in e  o f L i t t l e  
P ic k e r e l Creek. Marl a ls o  has been taken from beneath  th e w aters o f  
Sandusky Bay.
Peat
The on ly  p eat d e p o s it  w ith in  e i t h e r  Huron or E rie  c o u n tie s  o f  
such an e x ten t a s  t o  o f f e r  any f u e l  p o s s i b i l i t i e s  i s  th a t  o f  W illard  
Lake bed , and Dachnowski (1912, p .  8 3 ) rep orted  th a t t h i s  p eat averaged  
2 9 .3 0  p er  cent f ix e d  carbon (m oisture f r e e ) .  However, under our p resen t  
c u ltu r a l  c o n d it io n s  th ere  i s  l i t t l e  doubt but th a t th e  b e s t  u se  o f  t h i s  
and s im ila r  d e p o s its  i s  fo r  tru ck  gardening as i s  now b e in g  done. In  
a d d it io n  some o f  th e  p ea t i s  u t i l i z e d  fo r  p ea t moss and as a f i l l e r  in  
a r t i f i c ia l  f e r t i l i z e r s .
SUMMARY OS' CONCLUSIONS
As a r e s u lt  o f  t h i s  stu d y  a number o f co n c lu s io n s  were reached and 
some few  h yp otheses have been su g g ested . In  many c a se s  th e  ev id ence  
needed fo r  th e  p ro o f or d isp r o o f o f  th e  la t t e r  req u ires  fu r th e r  checking  
o u ts id e  the area  o f  t h is  stud y  or more d e t a i le d  la b o ra to ry  work. These 
id e a s  and h yp oth eses are summarized below :
A-LOW PLATEAU SECTION
Work on the g la c ia l  geo lo g y  o f th e se  two c o u n tie s  has le d  me to  
b e lie v e  th a t the r e c o g n it io n  of a  Low P la tea u  s e c t io n  of th e  C entral 
I n te r io r  LowAhndS province i s  j u s t i f i e d .  The Low P la tea u  su b d iv is io n  
was su ggested  by George White (193^* PP* 3^7“3^8) on "the b a s is  o f a  
stud y  made ju s t  south  o f  Huron County. The reasons he advanced fo r  i t s  
r e c o g n it io n  are e q u a lly  v a l id  here and perhaps more s o ,  fo r  the Berea  
escarpm ent which g e n e r a lly  marks i t s  w estern  and north ern  boundary 
seems to  have been o f s ig n if ic a n c e  in  c o n tr o ll in g  g l a c i a l  d e p o s it io n  
in  th e two c o u n t ie s .
"EARLY" AND LATE CARY TILLS
This study a ls o  extends westward the area  in  which Dr. W hite*s 
two Cary t i l l s  can be reco g n ized . The r e s u l t s  of th e  sand, s i l t  and 
c la y  sep a ra tio n s  I made were s im ila r  to  th o se  a rr iv ed  a t by V incent 
Shepos fo r  Dr. White and ex trem ely  g r a t i f y in g  in  t h is  r e s p e c t . Evidence  
fo r  th e  a ccu ra cy  o f  the hydrometer method o f a n a ly s is  i s  a ls o  o ffe r e d  
by th e se  r e s u l t s  fo r  Shepps* a n a ly se s  were done by th e  p ip e t t e  method 
w h ile  the Bouyoucos hydrometer was used  in  t h i s  stu d y .
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THE DEFIANCE MORAINE OE LATE CARY AGE
W hite's c o r r e la t io n  o f the Late Cary c la y  t i l l  w ith  the ad­
vance to  the D efiance moraine was a ls o  v e r i f ie d ,  although in  a few areas
th e  c la y  t i l l  i s  knowh to  extend sou th  o f the moraine fr o n t . In fa c t
i t  i s  recogn ized  in  somewhat sp o tty  d is tr ib u t io n  over the north end of 
th e D elphi spur and o c c a s io n a lly  on the hack s lo p e  of the Fort Wayne 
moraine a s  i t  rega in s i t s  id e n t i t y  a t the ea stern  edge o f  the S h iloh  
k n ot. I t  may he th a t the g rea ter  than average co n cen tra tio n  o f hou lders
along l in e s  here (P I. XVIII) marks the fa r th e s t  advance o f Late Cary
i c e .
CONTINUITY 01 THE DEFIANCE MORAINE
The q u estio n  o f the c o n tin u ity  o f  the D efiance m orainic h e lt  
acro ss  Huron County h a s , I b e l ie v e ,  a lso  been answered. I t  w i l l  he 
r e c a lle d  th a t the poor development o f some m orainic fe a tu re s  between  
the Huron and V erm ilion r iv e r s  had g iven  r i s e  to  doubt as to  whether 
the D efiance moraine o f  w estern  Ohio was continuous w ith  the moraine 
c a l le d  "Defiance" in  ea stern  Ohio.
Although the ty p ic a l  Late Cary t i l l  i s  somewhat sp o tty  in  i t s  
d is tr ib u t io n  here and a lth ough  no continuous moraine c r e s t s  were p re­
sen t a cro ss  the area i t  i s  b e lie v e d  th a t  th e  moraine i s  continuous and 
th a t th ese  co n d itio n s can be accounted fo r  as th e  r e s u lt  o f  stagnant 
and th in  ic e  in  t h i s  sec to r  a t the tim e the moraine was b e in g  b u i l t .
I t  a ls o  seems th a t th ere  was concen trated  g la c io - f lu v ia l  drainage  
here so th a t much o f th e  f in e  c la y  m a ter ia l was washed out o f  the de­
p o s i t .
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S ev era l fa c to r s  are "believe^, to  have contributed , to  th e se  con­
d i t io n s .  One i s  the p resen ce  o f  an o ld e r  moraine (" E a r ly 11 Cary) 
w hich was ov err id en  in  the q u estio n a b le  s e c t o r .  This i s  th e D elphi 
Spur which tren d s northeastw ard out o f  th e S h ilo h  lnnot in  northern  
R ichland County,
I t  i s  b e lie v e d  th a t  the most im portant fa c to r ,  however, i s  th e  
p resen ce  of an u n u su a lly  w e ll developed  escarpm ent on th e  l in e  o f  the  
Berea outcrop in  southern  E rie  County and n orth  o f  th e moraine se c to r  
under d isc u ss io n . The h y p o th e s is  i s  advanced th a t  i t  p resen ted  enough 
o f  an o b s ta c le  to  i c e ,  which a t i t s  maximum advanced on ly  16 m ile s  b y -  
yond, to  account fo r  th e th in  and l e s s  a c t iv e  i c e .
TILLS AED THEIR RELATIONSHIP TO OTHER MORAINIC BELTS
Some h yp oth eses regard in g  the r e la t io n s h ip s  o f i c e  movement 
to  th e v a r io u s moraine b e l t s  sou th  o f  th e  D efian ce  are a ls o  de­
v e lo p ed . The D elphi spur seems to  have been formed during a h a lt  
in  the r e tr e a t  from th e Port Wayne m oraine. Both are co n stru cted  
o f  "Early" Cary t i l l  and are fu r th e r  t ie d  to g e th e r  by the drainage  
l in e  o f  the R ip le y -S h ilo h  esk er  ch a in .
On the b a s is  o f  th e sh o r t recon n a issan ce  in  north ern  R ichland  
and Ashland c o u n tie s  no d e f in i t e  sta tem en ts  can be made concerning  
th e r e la t io n s h ip  o f  t i l l  d is t r ib u t io n  and m oraines th e r e . W ithin  
the S h ilo h  k n o t, which r ep resen ts  a m erging o f  the major Wabash and 
Port Wayne m orain ic b e l t s ,  th e t i l l  i s  "Early" Gars'-, a lth ou gh  in  many 
p la c e s  i t  has ap p aren tly  been  washed by m eltw ater stream s. Sorted de­
p o s i t s  o f sand and g ra v e l s c a t te r e d  throughout th e knot support the
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h y p o th e s is  th a t m eltw atefs  have fr e q u e n t ly  a lte r e d  the t i l l .
In one s e c t io n  (l^ e'A p p en d ix  B , s e c t io n  1) near the fr o n t o f  the  
Wabash b e l t ,  a q u estio n a b le  T azew ell t i l l  was recogn ized  beneath  the  
"Early" Cary t i l l  a t  an e le v a t io n  s l i g h t l y  above the l e v e l  o f  the  
ground moraine in  fr o n t ,  and i t  may be th a t here an o ld er  moraine has 
been o v err id d ea ,
MAUMEE I SHORE MATURES
Although t h i s  study was p r im a r ily  concerned w ith  the bottom  s e d i­
ments o f  the la c u s tr in e  p la in ,  the rev iew  in  the f i e l d  of Dr, Carney's 
c a r e fu l and d e ta i le d  study o f the s h o r e lin e s  d id  le a d  to  se v e r a l minor 
r e v is io n s  and a d d it io n s . Most im portant perhaps was the r e c o g n it io n  
o f  se v e r a l sh o r e lin e  fragm ents which a p p aren tly  b e lon g  to  the time o f  
the l a s t  phase o f  Maumee I .  I t  i s  a ls o  su ggested  th a t the area, o f  
G reen fie ld  and Peru, tow nships in  Huron County which L ev erett (1902 , 
p . 588 ) mapped as a spur o f the D efian ce  i s  an area  o f d e s tr u c t io n a l  
topography where th in  t i l l  o v e r l ie s  th e  sedim ents o f  a bu ried  d e lt a .  
The d e l t a  i s  b e lie v e d  to  have been b u i l t  during th e e a r ly  phase o f  
Maumee I ,  to  have been b u ried  during the advance to  D efiance m oraine, 
and th e  area, to  have been d is s e c te d  when base l e v e l  was near by a t  
th e  tim e o f  Maumee II  and I I I .
GREAT PART 0E LACUSTRIKE DEPOSITS LIMITED TO 
THE AREA NORTH 0E THE WARREN SHORE
I t  was d isco v ered  th a t south  of the Lake Warren sh o r e lin e s  th e  
g r e a te r  p o r tio n  o f the lak e  p la in  i s  m antled w ith  but l i t t l e  a lte r e d
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t i l l .  The m a jo r ity  o f  the ty p ic a l  la c u s tr in e  s i l t s  and c la y  s i l t s  
l i e  in  fro n t o f  t h is  s h o r e lin e . The lam inated  s i l t s  o f  th e  Huron 
H iver v a l le y  are a lso  b e lie v e d  to  be la r g e ly  th e r e s u lt  of Warren 
I I I  d e p o s it io n .
ADDITIONAL CHANGE IN LAKE LEVEL RECOGNIZED
The sequence o f  ma,rl and p eat beds in  th e C a sta lia  P r a ir ie  
g iv e s  stron g  evidence fo r  a pre-G rassm ere low w ater s ta g e . The 
immediate cause o f  th e  contin ued  a lte r n a t io n  o f d e p o s it s  i s  ground 
w ater f lu c t u a t io n . Whether or not t h i s  f lu c t u a t io n  wa.s a s so c ia te d  
w ith  changes in  lak e  l e v e l  i s  not known. I t  i s  su ggested  th a t low er  
lak e  l e v e l  r e s u lt in g  from d iv e r s io n  o f upper lak e w aters from the  
E rie  b a s in  during Algonquin I I  and th e p er io d  of the N ip is s in g  Great 
Lakes may have caused a low erin g  o f the water ta b le  h ere . Another 
p o s s i b i l i t y  i s  th a t  earth  movements may have inundated th e  southern  
shore o f  Lake E rie  more r a p id ly  a t some p er io d s  ca u sin g  h igh er  ground 
w ater l e v e l  and dominant marl d e p o s it io n  u n t i l  th e su rfa ce  was bu il-t up 
to  a h ig h er  l e v e l .
LAMINATED SEDIMENTS OE SANDUSKY BAY REGION
A fter  a review  o f  the c o n d it io n s  which e x is t e d  during the v ar iou s  
lak e  s ta g e s  i t  i s  d ecid ed  th a t the lam inated  sedim ents which W ilson f e l t  
were varved are more l i k e l y  th e  r e s u lt  o f sh ort term lo c a l  c o n d it io n s .  
The p o lle tt a n a ly se s  o f  the C a s ta lia  sedim ents now b e in g  made by Dr. Paul 
Sears should  o f f e r  v a lu ab le  in form ation  on t h is  s u b je c t , how ever, as 
w e ll as c la r i f y in g  some o f the o th er  q u estio n s regard in g  ev en ts  in  the  
Lake E rie  b a s in .
APPENDIX A 
LABORATORY METHODS
Three methods o f g r a in  s iz e  a n a ly s is  were used  in  t h i s  stud y: 
p ip e t t e ,  hydrometer and s ie v in g . A nalyses o f the la c u s tr in e  s i l t s  
and c la y s  were made by p ip e t te  and the sand, s i l t  and c la y  d e term in a tio n s  
o f  the g la c ia l  t i l l s  hy  Buoyoucos hydrom eter. A number of sam ples o f  
beach sands a ls o  were s ie v e d  fo r  d eterm in a tio n  o f  g r a in  s iz e  d is t r ib u t io n  
and s ie v in g  o f  the "sand11 fr a c t io n  o f the g la c ia l  t i l l s  was done in  con­
ju n c t io n  w ith  the hydrometer a n a ly se s . A ll  g r a in  s iz e  d eterm in ation s  
were fo r  the Wentworth grades ex cep t th a t th e  "sand" o f  the t i l l  a n a ly ses  
in c lu d ed  g ra n u les and sm all p eb b les  (up to  10 nun.) as w e ll  as the sand 
o f  the Wentworth c l a s s i f i c a t i o n .
PIPETTE ANALYSIS OP LACUSTRINE SEDIMENTS
The p ip e t t e  employed fo r  the p a r t ic le  s iz e  d is t r ib u t io n  a n a ly ses  
was an ordinary 25 c . c .  p ip e t t e .  A d e s c r ip t io n  o f  the method o f  p re­
p a r a tio n  o f sam ples fo r  the a n a ly se s  fo l lo w s . In g e n e ra l i t  i s  based  
on th a t g iven  by Krumbein (Erumbein and P e t t ijo h n , 193S> PP» ? 2 -? 5 ) .
Crushing and S p l i t t in g  o f  F ie ld  Samples 
The a ir  d r ied  f i e l d  sample was crushed in  a ceram ic mortar w ith  a 
rubber tip p ed  p e s t l e .  When s u f f ic ie n t l j r  broken up the sedim ent was 
put through a Jones sample s p l i t t e r  u n t i l  about 25-35  grams had been  
sep a ra ted . This amount com prised th e  sample to be analyzed  and so  i t  
was weighed a c c u r a te ly  on an a n a ly t ic a l  ba lan ce and the w eight recorded .
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D isp ers io n
The next s tep  in  the p rep a ra tio n  in vo lved  soaking o f the se d i­
ment in  approxim ately 400 c . c ,  o f  p e p t iz in g  s o lu t io n . The p e p t iz e r  
employed was N /100 sodium o x a la te . For th ese  u n con so lid a ted  sedim ents 
2b hours o f soaking was g e n e r a lly  s u f f i c i e n t  to  b r in g  about d isp e r s io n .  
In d ou b tfu l c a se s  the degree o f  d isp e r s io n  was checked under the micro­
scope and in  th ose  samples where d isp e r s io n  was incomplete a t  the end o f  
t h i s  tim e a lon ger  p er io d  o f soaking was a llow ed . The maximum soaking  
p er io d  was th ree  days.
When the su sp en sion  seemed to  be com p lete ly  d isp ersed  the sample 
was washed in to  a one l i t e r  c y lin d er  and the volume in creased  to  1 ,0 0 0  
c ,.c . by the a d d itio n  o f  p e p t iz in g  s o lu t io n  (Ordinary tap  water was used  
in  a l l  p rep ara tion s o f th e la c u s tr in e  sedim ents’),; The su spension  was 
then  a g ita te d  w ith  a s t ir r in g  rod fo r  one minute end th e  f i r s t  of the  
p ip e t te  samples taken . From t h i s  p o in t on th e procedure was th a t de­
scr ib ed  by  Krumbein (Krumbein and P e t t ijo h n , 1938, pp. 165-168) and i t  
w i l l  not be d isc u sse d  h ere .
F lo c c n la t io n  o f  Suspensions
In se v e r a l ca.ses f lo c c u la t io n  of the su sp en sion  occurred b efore  
com pletion  o f the p ip e t t in g . A d d itio n a l samples were then s p l i t  o u t, 
prepared , heated  i.n the p e p t iz e r  to  about 90 d egrees cen tig ra d e , and 
allow ed to  soak fo r  the f u l l  th ree day p er io d  b efore  d i lu t in g  and 
tr a n s fe r r in g  to  the c y lin d e r .
HYDROMETER ANALYSIS OF GLACIAL TILLS
The hydrometer used was th e Buoyoucos stream lin ed  hydrometer and 
o n ly  two read ings were tak en  to  a sc e r ta in  the t o t a l  o f  "sand11, s i l t
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and c la y . The tim es o f th e read ings fo r  th ese  d eterm inations were 
c a lc u la te d  from S tok es' Law, hut b efo re  the c a lc u la t io n  could  he made 
i t  was f i r s t  n ecessa ry  to  determ ine th e  e f f e c t iv e  depth , or cen ter  of 
buoyancy o f  th e hydrom eter, which was bein g  u sed , for variou s concen­
tr a t io n s  o f th e su sp en sion , This was done by graphing th e hydrometer 
according to  a method d escr ib ed  by Morey (19^7, p .3 8 2 ) .
D eterm inations o f Times of Readings 
T.£hen th e e f f e c t iv e  depths o f th e hydrometer a t d if fe r e n t  concen­
tr a t io n s  had been determ ined and a graph made, fou r  samples were pre­
pared and an alyzed . Three of th ese  seemed to  rep resen t t e x tu r a l ly  the  
average and two extrem es of the t i l l  samples to  be analyzed and the 
fo u rth  was a la c u s tr in e  s i l t y  c la y  which had a lread y been analyzed by  
p ip e t t e .  The read ings were taken a t a rb itra ry  in te r v a ls  (th ree  in  the 
f i r s t  two and o n e -h a lf  m inutes and a t ever  in c r ea s in g  in te r v a ls  u n t i l  
30 m inutes apart) over a p er iod  o f th ree  hours. The e f f e c t iv e  diam eters  
o f  the p a r t ic le s  which had s e t t le d  out a t th e  tim e o f each reading were 
then  c a lc u la te d , the h e igh t o f  f a l l  fa c to r  in  S tok es' Law being de­
r iv ed  from the p r e v io u s ly  prepared graph. When th e  read ings had been  
co rrected  fo r  temperature and v i s c o s i t y  (See A.S.T.M. Standards, 19*19. - 
p . 1159) i t  was seen  th a t a f i r s t  reading a t JO seconds would g iv e  the 
amount o f  m a ter ia l l e s s  than 0 .062 m illim e te rs  w ith in  the accuracy o f
o.OOl m illim e te r s  fo r  m a ter ia ls  o f the te x tu r a l range b e in g  te s te d . The 
s e t t l i n g  time fo r  p a r t ic le s  o f  O.OO39 mm. v a r ied  from 1*1-3 to  157 m inutes 
fo r  the fo u r  sam ples. (The 1^3 minute p er io d  was c a lc u la te d  fo r  the f i n ­
er  la c u s tr in e  c la y .)  _ On t h i s  b a s is  the tim e o f th e second reading was
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p la ced  a t 150 m inutes or two and o n e -h a lf  h ou rs. T his median f ig u r e  
in trod uced  a  maximum error o f  0 .001  mm. or l e s s  fo r  a l l  fou r  sam ples.
Comparison o f P ip e tte  and Hydrometer Curves 
In order to  t e s t  th e  r e la t iv e  accu racy  o f  th e  hydrom eter method, 
two cum ulative curves o f  th e  same la c u s tr in e  s i l t y  c la y , one based on a 
p ip e t te  a n a ly s is  and the o th er  on a hydrom eter a n a ly s is ,  were compared. 
The curve d er iv ed  from the hydrom eter d ata  d id  not extend  beyond the 
range o f  coarse c la y ,  but throughout th e s i l t  range th ere  was l e s s  than  
fou r p ercen t d if fe r e n c e  in  th e two cu rv es . This was not co n sid ered  
se r io u s  e s p e c ia l ly  s in c e  the method o f  p rep a ra tio n  of th e  two sam ples 
•varied  and i t  i s  b e lie v e d  th a t used in  p rep arin g  the sedim ent fo r  the  
hydrometer a n a ly s is  was the b e t t e r .
P rep ara tion  of Samples fo r  Hydrometer A n a ly s is  
The sam ples to  be analyzed  were a ir  d r ied  and then crushed w ith  a 
r o l l in g  p in  or oak m u ller  on paper over a wooden ta b le . In keep ing  
w ith  th e  p r a c t ic e  o f  V incent Shepps (1953> P» 3*0 i*1 an a ly z in g  the t i l l s  
o f  n o r th ea stern  Ohio w ith  which th ese  t i l l s  were to  be compared, a l l  
m a ter ia l la r g e r  than 10 mm. was removed by hand a t th e tim e o f crush­
in g . The crushed f i e l d  sample was th en  put through th e  Jones sample 
s p l i t t e r  u n t i l  a 50-65  gram p o r t io n  was s p l i t  o u t. Because w ith  th e  
hydrometer a f i v e  p ercen t su sp en sion  i s  con sid ered  optimum the v a r ia t io n  
in  t o t a l  sample was based on a  rough e st im a te  o f the coarse  m a ter ia l  
p resen t in  the t i l l ,  th e la r g e r  sam ples b e in g  o f the more sandy t i l l s .  
M echanical d isa g g r eg a tio n  w ith  the r o l l in g  p in  was contin ued  a f t e r
184
s p l i t t i n g .  At t h i s  tim e a l l  m a ter ia l from two to  te n  mm. was removed 
"by hand s ie v in g ,  fo r  i t  'was f e l t  th a t i t  was u n d esira b le  to  have th ese  
coarse  p a r t ic l e s  d is tu r b in g  th e  su sp en sio n , Tdien th e  f i r s t  read in g  was 
to  be taken a f t e r  on ly  30 seconds o f  s e t t l i n g  tim e. The procedure here  
was to  s ie v e  through a 10 mesh T yler  screen  and to  n ic k  out of th a t  
m a ter ia l which remained on the screen  th e p eb b les  and g ra n u le s . S evera l 
s ie v in g s  were required  w ith  fu r th e r  cru sh in g  in  betw een, u n t i l  th e  mater­
i a l  l e s s  2 mm. had a l l  been d isa g g reg a ted  and th e co a rser  removed. The 
2 to  4  mm. p a r t i c l e s  separated  in  t h i s  way were weighed s e p a r a te ly  and 
sto red  u n t i l  com p letion  o f the hydrometer a n a ly s is  o f th e  f in e s .  The 
w eight o f  t h i s  m a ter ia l was then  added to  the gram w eight o f  sand 
determ ined by hydrometer to  g iv e  the t o t a l  •'sand11.
D isp e rs io n
F ollow in g  t h is  sep a ra tio n  the rem ain in g f in e  f r a c t io n  was w eighed, 
p la ced  in  a  beaker w ith  about 400 c . c .  o f  d i s t i l l e d  w ater. A fter  soak­
in g  in  w ater fo r  a few m inutes the t i l l  was s t ir r e d  and 10 m l. o f pep­
t iz in g  s o lu t io n  c o n s is t in g  o f  sodium hexametaphosphate b u ffered  w ith  
sodium carbonate (See Kilmer and A lexander, 1949, pp . 21 to  23) was 
added.
The t i l l  sample was a llow ed  to  stand overn igh t in  th e  d isp e r s in g  
s o lu t io n  and was th en  tra n sferred  to  a  m ixer cup w ith  b a f f l e s  and 
s t ir r e d  on a m echanical m ixer fo r  10 m in u tes. The su sp en sio n  was n ext 
washed in to  a 1 - l i t e r  c y lin d e r  and the volume in crea sed  to  1000 c . c .
(A ll  w ater used  in  th e  p rep a ra tio n  o f th e t i l l  sam ples was d i s t i l l e d  
w a te r .)
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Readings
Vfhen th e volume of the su sp en sio n  had been  in crea sed  th e  su sp en sion  
was s t ir r e d  w ith  a s t ir r in g  rod fo r  one m in ute, th en  a llow ed  to  s e t t l e  
fo r  t h ir t y  seconds when the f i r s t  read in g  was tak en . This read in g  was 
rep eated  as a check . A fte r  th e  second 30 second reading had been taken  
th e su sp en sion  was a g ita te d  again  and then a llow ed  to  s e t t l e  fo r  two 
and o n e -h a lf  h ou rs. In th e  ca se  o f  th e  f i r s t  e ig h t  a n a ly se s  t h i s  read­
in g  was a ls o  rep ea ted , hut s in c e  th e  two read in gs agreed in  a l l  c a se s  
w ith in  l im i t s  o f  one and o n e -h a lf  gram s, i t  was not f e l t  n ecessa ry  to  
contin u e t h i s  check . (A lthough the hydrom eter i s  sc a le d  in g r a in s ,  
read in gs were e stim a ted  to  th e o n e -h a lf  gram .)
The hydrometer was removed betw een read in gs and each tim e a read­
in g  was made th e  tem perature o f th e  su sp en sio n  was a ls o  record ed . Ho 
co n sta n t tem perature bath  was a v a i la b le ,  but under th e  c o n d it io n s  o f  
th e  la b o ra to ry  the tem perature v a r ia t io n  was w ith in  12 d egrees from 
th e 67 d egrees F ah renh eit fo r  which th e hydrom eter was c a l ib r a te d . A 
tem perature c o r r e c t io n  taken  from the curve p resen ted  in  the A.S.T.M . 
Standards (19^9> P . 1159) was a p p lied  to each rea d in g .
S ie v in g
A fter  com p letion  o f th e hydrom eter read in gs th e  co n ten ts  o f  a 
c y lin d e r  were wet s ie v e d  through a  28 mesh screep  end th e  f in e s  d i s ­
carded. The m a ter ia l co a rser  than 0 .0 6 2  was then d r ied  in  a drying  
oven, shaken on the Ro-Tap to  remove any f in e s  which s t i l l  remained, and 
w eighed. The amount o f  sand recovered  in  t h i s  manner was then  used  as 
a check a g a in s t  th e  f i r s t  hydrometer rea d in g . I f  th e  d if fe r e n c e  was
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l e s s  than k per cen t o f  th e  t o t a l  sample th e r e s u l t s  o f the a n a ly s is  were 
co n sid ered  s a t is f a c t o r y .  In the s e v e r a l c a se s  where th e  d if fe r e n c e  was 
g r e a te r  a second a n a ly s is  wa-s made and s a t i s f a c t o r y  r e s u l t s  o b ta in ed ,
DIFFERENCES IN PREPARATION OF SAMPLES FOR 
PIPETTE AND HYDROMETER ANALYSIS
The p ip e t t e  a n a ly se s  were made a f t e r  the f i r s t  season  o f  f i e l d  work,
and I f e l t  th a t the method o f  p rep a ra tio n  o f  th e sam ples o f  la c u s tr in e
sed im ents was not e n t ir e ly  s a t i s f a c t o r y .  T h erefore , s e v e r a l changes
were made in  th e  p rep aration  o f  the t i l l  sam ples.
The use o f  the r o l l in g  p in  fo r  crash in g  was much more s a t is f a c t o r y
and l e s s  tim e consuming than the rubber tip p ed  p e s t le  and ceram ic m ortar.
The d i s t i l l e d  water used  in  th e  p rep a ra tio n  o f the t i l l s  was a
p reca u tio n a ry  m easure. The f lo c c u la t io n  o f  the la c u s tr in e  sedim ents
was probably not due to  the u se  o f  tap w ater , but i t  may have been a
fa c to r ,
A m echanical mixer was not a v a ila b le  a t the tim e the p ip e t te  ana­
ly s e s  were made. I t i s  a v a lu a b le  t o o l ,  however, in  secu r in g  more 
rap id  and com plete d isp e r s io n .
The u se  o f  sodium hexametaphosphate as a d isp e r s in g  agent was 
su g g ested  to  me by Dr. N ich o las Holowaychuk, No e f f o r t  was made to
ev a lu a te  the r e la t iv e  m er its  o f  t h i s  p e p t iz e r  as opposed to  th e  sodium
o x a la te , but co n sid era b le  a t t e n t io n  has been g iv en  to  t h i s  m atter by 
s o i l  s c i e n t i s t s  and the hexametaphosphate seems to  be one o f the b e t t e r  
p e p t iz e r s  fo r  ca lca reo u s s o i l  m a te r ia ls  (T yner, 1939,  pp . IO6- I I 3 ) .
I t  can be s a id ,  however, th a t  o f th e  59 t i l l  samples p re p a re d , on ly
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one f lo c c u la t e d , and t h is  was ap p aren tly  due to  f a u l t y  p rep ara .tion , 
s in c e  when a  second sample was prepared no f lo c c u la t io n  was observed .
I t  i s ,  o f c o u rse , tru e  th a t the time n ecessa ry  fo r  the abb rev ia ted  
hydrometer a n a ly se s  wa3 l e s s  than th a t fo r  th e p ip e t t in g ,  however, some 
o f  the su sp en sion s were a llow ed  to  stand  fo r  as long  as 48 hours a f t e r  
com pletion  o f  th e hydrometer a n a ly se s  to  see  i f  th ere  would be f l o c ­
c u la t io n . There was none.
At l e a s t  two fa c to r s  o th er  than th o se  a lrea d y  m entioned would have 
to  be con sid ered  b e fo re  any e v a lu a tio n  o f  th e methods used  cou ld  be made: 
1 , The concen tra .tion  o f  the hydrometer su sp en sion s was g r ea ter  than th ose  
used fo r  p ip e t t in g .  In g en era l the g r e a te r  the co n cen tra tio n  the more 
d i f f i c u l t  to  m ain ta in  d is p e r s io n , 2 . The h igh er c la y  content o f some 
o f  the la c u s tr in e  sedim ents presum ably would in crea se  th e  d i f f i c u l t i e s  
o f  d is p e r s io n .
APPENDIX B
MULTIPLE TILL SECTIONS 
FROM WHICH SAMPLES WERE ANALYZED
1 . Pennsylvania. R ailroad cu t, 80 yards e a st  o f  S. R. 598, Vernon 
Township, Crawford County, SWj, Sec. k,  R20W, T21N. Front 
o f Wabash m oraine.
U nit D e scr ip tio n Thi clone ss Sample No.
6. Covered 6*8"
5. Yellow brown ca lcareou s t i l l . 1*9"
4 . Gray b lu e ca lca reo u s t i l l ,
grading in to  y e llo w  t i l l
above 4 ' 4 11 C-2—52a
3. Calcareous lam inated s i l t  and
c la y  s i l t  in  d is to r te d  la y e r s . O'6"
2. Dark b lu e  ca lcareou s ston y  t i l l
w ith  le n s e s  o f sand. 1»3» C-2-52b
1 . Covered and slumped TO"
T ota l Thickness 17*6"
2. Stream c u t , e a s t  o f  R iver &oad and 2 /1 0  m ile  south  o f S.R , 161,
G reen fie ld  Township, Huron County. D efiance m oraine.
8 . Leached s o i l  developed in  t i l l . 2*7"
7 . Yellow ca lcareou s t i l l 2*5" H-8 A-52
6. C alcareous s i l t 0*10*'
5 . O xidized c la y ey  t i l l ; c a lc a r e ­
ous 16*9''
4 . O xidized ca lca reo u s t i l l ,  some­
what more s i l t y  than above,
but w ith  no d i s t in c t  c o n ta c t. l 16" H -86-52
3 . Sand w ith  some lamina.ted s i l t
and c la y 3 , 9"
2. B lue gray ca lca reo u s t i l l 4«0'* H-87-52
1 . P oorly  so rted  sand and g ra v el
becoming coarser  downward.
Base o f  s e c t io n  made up
o f  iro n sto n e  co n cretio n s
up to  lM  in  diam eter. 1 6 '5 “
T ota l Thickness 48*3*'
3. B altim ore and Ohio R ailroad  c u t ,  100 yards w est o f Old S ta te
Road, R ip ley  Township, Huron County. North end o f D elphi spur
188
18?
-  P I . XXXI
N iver Road s e c t io n
U nit D e scr in tio n Thickness Samole No.
5 . Leached s o i l  developed in  t i l l . 2*9"
4 . Y ellow  ca lcareou s t i l l 1 '5 » H-49-52
3- Yellow ca lcareou s t i l l ,  some­
what coarser  in  te x tu r e . 2 »0 » H-50-52
2 . Clean ca lcareou s ye llow  s i l t . 3 ' 1 “ H -51-52
1 . Blue gray ca lcareou s t i l l 2 «0 » H-52-52
T ota l Thickness 111311
4 . Stream c u t , n o rth east corner o f  Chenango and F ayette  roads, New
London Township, Huron County. North f la n k  o f D efian ce  moraine,
4 . Leached s o i l  developed in  t i l l .  I 18 "
3 . Yellow C alcareous t i l l  11'3" H-65-52
2. Laminated sand and s i l t  3 , 2 1
1 . B lue gray ca lcareou s t i l l  2 '1 0 1 H -67-52
T otal Thickness 1 8 '1 1 11
5 , Roadcut, SE .^NW!-, Sec. 19 , R21W, T23N, Blooming Grove Township, 
R ichland County. Wabash m oraine.
4 . Leached s o i l  (tru n cated  p r o - 2 I0"
f i l e )  developed in  t i l l
3 . Yellow ca lcareou s t i l l  I 15" R -l-5 2 a
2 . Reddish y e llo w  sand; leach ed  O'3"
1 . O xidized ca lcareou s t i l l ,  some­
what coarser  than #3 . 2 '9 11 R -l-52b
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